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BOOK  III. 

SYSTEMATIC  BOTANY, 

OB  THE  CLASSIFICATION  OF  PLANTS. 


CHAPTER  I. 

GENERAL  PRINCIPLES  OF  CLASSIFICATION. 

Section  1.— Species,  Genera,  Orders,  and  Classes. 

Our  attention  has  been  hitherto  directed  to  the  examination  of 
the  structure  and  shapes  of  the  various  organs  and  parts  of 
plants.  In  doing  so,  we  cannot  hut  have  noticed  the  almost 
infinite  varieties  of  forms  which  have  thus  been  presented  to 
us,  and  also  at  the  same  time  observed  that,  notwithstanding 
such  variations,  there  are  some  striking  resemblances  in  the 
structure  of  the  members  of  certain  plants,  by  which  a close 
relationship  is  thus  clearly  indicated  between  them.  It  is  the 
object  of  Systematic  Botany  to  take  notice  of  such  relation- 
ships, and  thus  to  group  together  plants  which  are  allied  in 
their  forms  and  structure,  while  we  distinguish  between  those  that 
are  unlike.  In  this  way  we  are  able  to  take  a comprehensive  view 
of  the  whole  Vegetable  Kingdom.  In  its  extended  sense, 
Systematic  Botany  has  for  its  object  the  naming,  describing,  and 
arranging  of  plants  in  such  a manner  that  we  may  get  an  insight 
into  their  affinities  and  general  properties. 

Before  we  proceed  to  describe  the  systems  that  have  been 
devised  at  various  times  for  their  arrangement,  it  will  be 
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necessary,  however,  to  define  the  principal  terms  which  are  in 
common  nse  in  such  systems. 

1.  Species. — By  the  term  species  we  understand  a collection 
of  individuals  which  resemble  each  other  as  closely  as  they 
resemble  their  parents  and  their  offspring.  Thus,  if  we  walk 
into  a field  of  Beans,  Peas,  or  Clover,  we  observe  thousands  of 
individuals,  which,  although  differing  to  a certain  extent  in  size, 
and  in  some  other  unimportant  characters,  we  at  once  associate 
together  under  a common  name.  Species  are,  however,  under 
special  conditions,  liable  to  variations,  and  we  have  then  formed 
what  are  termed  varieties  and  races. 

a.  Varieties  or  Sub-species. — If  a species  be  propagated  it 
will  generally  produce  a plant  resembling  its  parent  in  all  its 
important  parts.  But  this  will  only  happen  when  the  new 
individual  has  been  exposed  to  the  same  influences  of  soil,  heat, 
light,  moisture,  and  other  conditions,  as  its  parent ; and  hence 
we  find  that  variations  in  such  particulars  will  lead  to  certain 
peculiarities  in  form,  colour,  size,  and  other  minor  characters,  in 
the  young  plants.  In  this  manner  we  have  produced  what  are 
termed  varieties. 

These  varieties  are  not  permanent ; for  successive  generations 
which  may  be  produced  from  them  will  have  a tendency  to  re- 
vert to  the  original  species  from  which  such  varieties  have  been 
obtained.  Thus,  if  we  sow  the  seeds  of  a number  of  different 
varieties  of  Apples,  some  of  the  fruits  subsequently  produced  by 
the  new  generation  of  Apple  trees  will,  instead  of  resembling 
that  of  their  parents,  have  a tendency  to  revert  to  that  of  the 
common  Crab,  from  which  species  all  such  varieties  have  been 
originally  derived.  A variety  differs  essentially  from  a species 
in  the  fact  that  it  cannot  be  propagated  without  tending  to 
revert  to  the  type  from  which  it  sprang. 

b.  Bares. — Besides  the  varieties  just  alluded  to,  there  are 
others,  which  are  called  permanent  varieties  or  races,  because 
their  peculiarities  can  be  transmitted  by  seed.  Familiar  ex- 
amples of  such  races  are  afforded  by  our  Cereal  grains,  as  Wheat, 
Oilts,  and  Barley  ; and  also  by  our  culinary  vegetables,  as  Peas, 
Lettuces,  Radishes,  Cabbages,  Cauliflowers,  and  Broccoli.  How 
such  races  of  plants  have  originated,  it  is  impossible  to  say  with 
any  certainty.  At  the  outset  they  probably  arose  in  an  ac- 
cidental manner,  for  it  is  found  that  plants  under  cultivation 
are  liable  to  produce  certain  variations  or  abnormal  deviations 
from  their  specific  type,  or  to  sport,  as  it  is  termed.  By  further 
cultivation  under  the  care  of  the  gardener,  such  variations  are 
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after  a time  rendered  permanent,  and  can  be  propagated  by  seed. 
These  so-called  permanent  varieties,  however,  if  left  to  them- 
selves, or  if  sown  in  poor  soil,  will  soon  lose  their  peculiarities, 
and  either  perish,  or  return  to  their  original  specific  type  ; it  will 
be  seen,  therefore,  that  races  present  well-marked  characters 
by  which  they  are  distinguished  from  true  species. 

Another  cause  which  leads  to  constant  variations  from  the 
specific  type  is  hybridisation.  The  varieties  thus  formed,  which 
are  called  hybrids  and  cross-breeds , are,  however,  rarely  constant 
for  long — although,  in  some  instances,  such  is  the  case  for  a few 
generations — but  they  gradually  revert  to  one  or  the  other 
parent  stock. 

In  practice  it  is  important  that  we  should  distinguish 
varieties  from  true  species,  for  nothing  is  so  calculated  to  lead 
to  confusion  as  the  raising  of  mere  varieties  to  the  rank  of 
species.  No  individuals  should  be  considered  as  constituting  a 
species  unless  they  exhibit  important  and  permanent  distinctive 
characters  in  a wild  state.  Great  uncertainty  still  prevails  in 
our  systematic  works  as  to  what  is  a species  and  what  is  a 
variety  ; and  hence  we  find  different  authors,  who  have  written 
on  British  and  other  plants,  estimate  very  differently  the  number 
of  species  contained  in  such  genera  as  Bosa,  Bubus,  Saxifraga, 
Hieracium,  Salix,  Smilax,  and  others. 

2.  Genera. — The  most  superficial  observer  of  plants  will 
have  noticed  that  certain  species  are  more  nearly  allied  to  each 
other  than  to  other  species.  Thus,  the  different  kinds  of  Roses, 
Brambles,  Heaths,  Willows,  may  be  cited  as  familiar  examples 
of  such  assemblages  of  species ; for  although  the  plants  com- 
prehended under  these  names  present  certain  well-marked  dis- 
tinctive characters,  yet  there  are  at  the  same  time  also  striking 
resemblances  between  them.  Such  assemblages  of  species  are 
called  genera.  A genus,  therefore,  is  a collection  of  species 
which  resemble  each  other  in  general  structure  and  appearance 
more  than  they  resemble  any  other  species.  Thus,  the  various 
kinds  of  Brambles  constitute  one  genus,  the  Roses  another,  the 
Willows,  Heaths,  Clovers,  and  Oaks  form  also,  in  like  manner, 
as  many  different  genera.  The  characters  of  a genus  are  taken 
from  the  organs  of  reproduction,  while  those  of  a species  are 
derived  more  often  from  the  vegetative  parts  of  the  plant ; hence 
a genus  is  defined  as  a collection  of  species  which  resemble  each 
other  in  the  structure  and  general  characters  of  their  organs  of 
reproduction.  It  is  not  necessary,  however,  that  a genus  should 
contain  a number  of  species,  for,  if  a single  species  presents 
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peculiarities  of  a marked  kind,  it  may  of  itself  constitute  a 
genus. 

It  frequently  happens  that  two  or  more  species  of  a genus 
have  a more  striking  resemblance  to  each  other  in  certain  im- 
portant characters  than  to  other  species  of  the  same  genus,  in 
which  case  they  are  grouped  together  into  what  is  termed  a sub- 
genus,  and  further  subdivisions  of  more  nearly  allied  species, 
such  as  sections,  sub-sections,  &c.,  may  he  made. 

3.  Orders  or  Natural  Orders. — If  we  regard  collections  of 
genera  from  the  same  ] oint  of  view  as  we  have  just  done 
those  of  species — that  is,  as  to  their  close  resemblances — 
we  shall  find  that  some  of  them  also  resemble  each  other 
more  than  they  do  other  genera.  Thus,  Mustards,  Turnips, 
Radishes,  and  Cabbages  have  a strong  common  resemblance, 
while  they  are  unlike  Strawberries  and  Brambles,  even  less  like 
Hazels,  Oaks,  and  Beeches,  and  still  more  unlike  Larches, 
Pines,  Firs,  and  Cedars.  Proceeding  in  this  way  throughout 
the  Vegetable  Kingdom,  we  collect  together  allied  genera,  and 
form  them  into  groups  of  a higher  order  called  Orders  or  Natural 
Orders,  laying  stress  particularly  on  the  structure  of  the  flowers, 
fruit,  and  seeds ; hence,  while  genera  are  collections  of  related 
species,  orders  are  collections  of  allied  genera.  Thus,  Turnips, 
Radishes,  and  Cabbages,  all  belong  to  different  genera,  but  they 
agree  in  the  general  structure  of  their  flowers  and  fruit,  and  are 
hence  included  in  the  order  Crucifercc. 

We  find  also  that  certain  genera  of  an  order,  like  certain 
species  of  a genus,  have  a more  striking  resemblance  to  each 
other  than  to  other  genera  of  the  same  order;  such  are 
grouped  together  into  what  are  called  Sub-orders.  Thus  the 
Chicory,  Dandelion,  Sow-thistle,  Lettuce,  Thistle,  Burdock,  and 
Chamomile,  all  belong  to  the  same  order,  but  there  is  a greater 
resemblance  in  the  Chicory,  Dandelion,  Sow-thistle,  and  Lettuce 
to  each  other  than  to  the  Thistle  and  Burdock.  Hence,  while  all 
the  above  genera  belong  to  the  order  Composites,  they  are  at 
the  same  time  placed  in  two  different  sub-orders.  One  sub- 
order, called  the  Liguliflorcc,  includes  the  Chicory,  Dandelion, 
Sow-thistle,  and  Lettuce  ; and  another  sub-order,  the  Tubuh- 
fiorce,  that  of  the  Thistle,  Burdock,  and  Chamomile.  In  like 
manner,  while  we  find  the  Plum,  Strawberry,  Raspberry,  Rose, 
and  Apple,  all  belonging  to  the  same  order  Rosacea:,  some  of 
them  have  closer  resemblances  in  one  direction  than  another. 
Thus,  the  Plum  has  a drupaceous  fruit,  and  is  therefore  placed  in 
a distinct  sub-order,  which  is  called  Drupacece  ; the  Strawberry, 
Raspberry,  and  Rose  are  much  more  like  each  other  than  they 
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are  like  the  Plum  or  Apple,  and  they  are  put  in  a sub-order 
called  Rosece ; while  the  Apple,  from  the  character  of  its  fruit, 
is  placed  in  a sub-order  termed  Pornece. 

It  is  also  found  convenient  to  subdivide  sub-orders  into 
Tribes,  Sub- tribes,  &c.,  by  collecting  together  into  groups 
certain  very  nearly  allied  genera,  but  it  is  not  necessary  for 
us  to  illustrate  such  divisions  further,  as  the  principles  upon 
which  they  depend  have  been  now  sufficiently  treated  of. 

4.  Classes.— By  a class  we  understand  a group  of  orders 
possessing  some  very  important  structural  characters  in  common. 
Thus  we  have  the  classes  Monocotyledones  and  Dicotyledones, 
which  possess  certain  distinctive  characters  in  their  respective 
embryos,  &c. 

The  Classes  are  also  divided  into  Sub-classes,  Series,  Cohorts  ' 
or  Alliances,  and  other  divisions,  in  the  same  manner  as  the 
orders,  genera,  and  species  are  subdivided ; but  as  the  names  of 
such  divisions  vary  in  different  systems,  and  are  all  more  or 
less  artificial,  it  is  not  necessary  for  us  at  present  to  dwell 
upon  them  further.  The  classes  themselves,  in  different 
systems,  are  also  generally  arranged  in  more  comprehensive 
groups,  which  have  been  variously  named  Sub -kingdoms, 
Groups,  Divisions,  Regions,  Sub -divisions,  &c.  But  as  these 
are  also  of  different  extent  and  variously  defined  by  botanists,  we 
must  refer  to  the  several  systems  for  particulars  respecting  them. 

The  following  table  will  include  all  the  more  important 
groups  we  have  alluded  to  ; those  in  more  general  use  being 
indicated  by  capital  letters. 

1.  Sub-kingdoms  or  Divisions. 

Sub-divisions. 

2.  Classes. 

Sub-classes. 

Series. 

Cohorts  or  Alliances. 

8.  Orders. 

Sub-orders. 

Tribes. 

Sub-tribes. 

4.  Genera. 

Sub-genera. 

Sections. 

5.  Species. 

Varieties. 

Races. 
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Section  2. — Characters,  Nomenclature,  Abbreviations, 

and  Symbols. 

Descriptive  Botany  is  the  art  of  describing  plants  in  tech- 
nical language,  so  that  they  may  be  readily  recognised  when  met 
with  by  those  to  whom  they  were  previously  unknown,  who  pos- 
sess a knowledge  of  the  technical  names  of  the  different  parts 
and  organs  of  plants  and  of  their  various  modifications.  This 
subject  is  too  extensive  to  be  treated  of  here;  reference  must 
be  made  to  special  treatises  for  this  purpose;  but  it  is  necessary 
for  us  to  refer  briefly  to  the  Characters  of  plants  and  the 
Nomenclature,  Abbreviations,  and  Symbols  in  use. 

1.  Characters.— By  the  term  ‘character’  we  mean  the 
points  by  which  any  particular  variety,  species,  sub-genus,  genus, 
sub-tribe,  tribe,  sub-order,  order,  sub-class,  or  class,  &c.,  is 
distinguished  from  another.  We  recognise  two  kinds  of  charac- 
ters, which  are  called  respectively  essential  and  natural.  An 
essential  character  comprises  those  points  only  by  which  any 
division  of  plants  may  be  distinguished  from  others  of  the  same 
nature ; such  may  be  also  called  diagnostic  characters.  A 
natural  character,  on  the  other  hand,  involves  a complete 
description  of  a given  species,  genus,  order,  class,  &c. , including 
an  account  of  every  organ  from  the  root  upwards,  through 
the  stem,  leaves,  flowers,  fruit,  and  seed.  Such  descriptions 
are  necessarily  of  great  length,  and  are  not  required  for  general 
diagnosis,  although  they  are  of  great  value  when  a complete 
history  of  a plant  or  group  is  required.  The  characters  which 
distinguish  a species  are  called  specific,  and  are  taken  gene- 
rally from  all  the  organs  and  parts  of  the  plant ; they  relate 
chiefly  to  their  form,  shape,  surface,  division,  colour , dimension, 
and  duration  ; or,  in  other  words,  to  points  of  a superficial 
nature,  omitting  all  reference  to  their  internal  structure.  The 
characters  of  a genus  are  called  generic,  an,d  are  largely  based 
upon  the  organs  of  reproduction.  The  characters  of  an  order 
are  termed  ordinal,  and  are  derived  from  the  general  structure 
of  the  plants  in  such  groups,  more  especially  of  the  organs  of 
reproduction ; while  the  characters  of  a class,  &c.,  as  already 
mentioned,  are  derived  from  certain  fundamental  structural 
peculiarities  which  the  plants  of  such  divisions  exhibit. 

2.  Nomenclature. — It  is  the  object  of  nomenclature  to  lay 
down  rules  for  naming  the  various  kinds  of  plants  and  the 
different  groups  into  which  they  are  arranged  in  our  systems 
of  classification  ; in  the  same  manner  as  it  is  the  object  of 
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terminology  to  find  names  for  the  different  organs  of  plants, 
and  the  modifications  which  those  organs  present. 

a.  Species. — The  names  of  the  species  are  variously  derived. 
Thus  the  species  of  the  genus  Viola,  as  shown  by  Gray  in  the 
following  paragraphs,  exhibit  the  origin  of  many  such  names. 

‘ Specific  names  sometimes  distinguish  the  country  which  a 
plant  inhabits  : for  example,  Viola  canadensis,  the  Canadian 
Violet ; or  the  station  where  it  naturally  grows,  as  Viola 
palustris,  which  is  found  in  swamps,  and  Viola  arvensis,  in 
fields  ; or  they  express  some  obvious  character  of  the  species, 
as  Viola  rostrata,  where  the  corolla  bears  a remarkably  long 
spur,  Viola  tricolor,  which  has  tri-coloured  flowers,  Viola  ro- 
tan d/ifolia , with  rounded  leaves,  Viola  lanceolata,  with  lanceolate 
leaves,  Viola  pc  data,  with  pedately-parted  leaves,  Viola prim  u- 
he  folia,  where  the  leaves  are  compared  to  those  of  a Primrose, 
Viola  asarifolia,  where  they  are  likened  to  those  of  Asarum, 
Viola  pubescens,  which  is  hairy  throughout,  Ac.  Frequently 
the  species  bears  the  name  of  its  discoverer  or  describer,  as 
Viola  Muhlenbergii,  Viola  Nuttallii,  &c. 

Specific  names  are  written  after  the  generic,  as  indicated 
above  in  the  different  species  of  the  genus  Viola,  and  these 
together  constitute  the  proper  appellation  of  a plant,  in  the 
same  way  as  the  surnames  and  Christian  names  designate  the 
members  of  a family.  The  specific  names  should  also  in 
all  cases  be  adjectives  or  substantives  used  adjectively;  the 
former  should  agree  in  gender  and  case  with  the  name  of  the 
genus.  When  a species  is  named  after  its  discoverer  or  de- 
scriber, it  is  usually  placed  in  the  genitive  case,  as  Viola  Muh- 
lenbergii and  V.  Nuttallii ; but  when  such  names  are  merely 
given  in  honour  of  botanists  who  have  had  nothing  to  do  with 
their  discovery  or  description,  the  specific  names  are  generally 
put  in  the  adjectival  form,  as  Carex  Hookeriana,  Veronica 
Lindleyana  : such  a rule  is,  however,  frequently  departed  from. 
Sometimes  the  specific  name  is  a noun,  in  which  case  it  does 
not  necessarily  agree  with  the  genus  in  gender ; such  specific 
names  are  often  old  generic  ones,  as  Dictamnus  Fraxinella, 
Rhus  Cotinus,  Lythrum  Salicaria,  Rhus  Coriaria,  Diantlms 
A rmenia,  Rhamnus  Frangula.  In  such  cases  the  specific  name 
should  begin  with  a capital  letter ; a similar  rule  should  also  be 
adopted  when  it  is  derived  from  a person ; but  in  all  other 
instances  it  is  better  that  the  specific  name  should  begin  with  a 
small  letter.  The  specific  name  was  called  by  Linnieus  the 
trivial  name;  thus,  in  the  particular  kind  of  Violet  called  Viola 
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palusiris , Viola  is  the  generic,  and  palustris  the  specific  or 
trivial  name. 

b.  Genera. — The  names  of  the  genera  are  substantives,  in 
accordance  with  the  rule  laid  down  by  Tinmens  as  follows : — 
Every  species  shall  have  a particular  name,  compounded  of  a 
substantive  and  an  adjective,  whereof  the  former  indicates  the 
genus,  and  the  latter  the  species.  This  has  already  been  re- 
ferred to  under  the  head  of  Species.  The  names  of  the  genera 
are  derived  in  various  ways : either  from  the  name  of  some 
eminent  botanist,  as  Linncea  after  Linnaeus,  Smithia  after  Smith, 
Hookeria  after  Hooker,  Jn  twice  after  Jussieu,  Tournefortia  after 
Tournefort,  Lindleyana  after  Lindley;  or  from  some  peculiarity 
of  structure  or  habit  of  the  plants  comprised  in  them,  or  from 
various  other  circumstances.  Thus,  Crassula  is  the  name  of  a 
genus  comprising  plants  with  succulent  or  thickened  leaves; 
Sag  i Itaria  takes  itsnamefrom  its  arrow-shaped  leaves;  Arenaria, 
from  its  growing  in  sandy  places  ; Litliospermnm,  from  its  fruits 
(which  were  formerly  regarded  as  seeds)  having  a stony  hard- 
ness; Campanula,  from  its  corolla  being  in  the  form  of  a bell ; 
Lacluca,  from  its  milky  juice;  and  so  on.  Others,  again,  have 
derived  their  generic  names  from  supposed  medicinal  properties, 
such  as  Scrophularia , from  its  former  use  in  scrofula  ; Pul- 
monaria , from  its  employment  in  pulmonary  disease,  &c. 

c.  Orders.  The  names  of  the  orders  in  the  Artificial 
System  of  Li  mucus  arc  chiefly  derived  from  the  various  charac- 
ters of  the  gynoecium  and  fruit.  Those  of  Natural  Systems  are 
usually  taken  from  some  well-known  genus  which  is  included 
in  any  particular  order,  and  which  may  be  regarded  as  the 
type  of  that  order.  The  genus  Ranunculus  gives  the  name 
Ranunculacece  to  the  order  to  which  it  belongs  ; the  genera 
Ra  paver,  Mulva,  Hypericum , Geranium,  Rosa,  LiUum,  Orchis 
and  Iris,  in  like  manner,  give  names  respectively  to  tne  orders, 
Rapavrraccce,  Malvacecc,  Hyper icacece,  Geraniacece,  Rosacea;, 
Lilia cete,  Orcliidacecc,  and  Iridacece.  At  other  times  the  names 
of  the  orders  are  derived  from  some  characteristic  feature  which 
the  plants  included  in  them  present.  The  order  Cruciferce 
is  so  named  because  its  plants  have  cruciate  corollas ; the 
order  Lcyuminosce  because  the  fruit  of  its  members  is,  with 
few  exceptions,  a legume;  the  Umbellifcrce  are  umbel-bearing 
plants  ; the  Labiatce  have  a labiate  corolla ; the  Conifercc  are 
cone-bearing  plants  ; and  so  on. 

d.  Classes. — The  names  of  the  classes  are  derived  from 
some  important  and  permanent  characters  which  the  plants 
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comprised  in  them  possess,  relating  either  to  their  structure  or 
inode  of  development.  Such  names  vary,  however,  according 
to  the  views  of  different  systematic  botanists.  Examples  of 
those  which  have  been  more  commonly  used  in  this  country 
are  Monocotyledones  and  Dicotyledones — terms  which  are 
derived  from  the  structure  and  characters  of  the  embryos  in 
those  respective  classes.  These  names  are  used  especially  in 
Natural  Systems  of  Classification  ; while  those  of  classes  in  the 
Artificial  System  of  Linnaeus  are  derived  chiefly  from  the  pecu- 
liarities presented  by  the  andrcecium. 

e.  Sub-kingdoms,  Divisions,  Sc. — The  names  of  these  are 
generally  derived  from  some  well-marked  peculiarity  of  typical 
forms  ; thus  we  have  the  Bryophyta  or  Moss-like  plants,  the 
Pteridophyta  or  Fern-like  plants,  the  Spermaphyta  or  plants 
which'produce  seeds,  sometimes  called  Phanerogamia  because 
their  sporophylls  are  usually  collected  into  evident  flowers. 
The  other  sub-divisions  are  variously  named  according  to  the 
views  of  different  botanists. 

3.  Abbreviations  and  Symbols. — It  is  usual  in  botanical 
works  to  use  certain  abbreviations  and  symbols.  Only  a few  of 
the  more  important  need  be  mentioned  here. 

The  names  of  authors,  when  of  more  than  one  syllable,  are 
commonly  abbreviated  by  writing  the  first  letter  or  syllable, 
&c.,  as  follows  : — 

L.  or  Linn,  means  Linnaeus ; Juss.  is  the  abbreviation  for 
Jussieu;  DC.  or  De  Cand.  for  De  Candolle;  Br.  for  Brown; 
Lindl.  for  Linclley ; Rich,  for  Richard  ; Willd.  for  Willdenow  ; 
Hook,  for  Hooker  ; With,  for  Withering ; Endl.  for  Endlicher  ; 
Bab.  for  Babington  ; Berk,  for  Berkley,  &c.,  &c. 

Tt  is  common  to  put  such  abridged  names  after  that  of  the  genus 
or  species  which  has  been  described  by  these  authors  respectively. 
Thus  Eriocaulon,  L.  indicates  that  the  genus  Eriocaulon  was 
first  described  by  Linnaeus;  Miltoma,  Lindl.  is  the  genus  Mil- 
tonia  as  defined  by  Lindley  ; Nuphar  pumila,  DC.  is  the  species 
of  Nuphar  defined  by  He  Candolle,  &c.,  &c. 

Other  abbreviations  in  common  use  are  Bad.  for  root  ; Caul. 
for  stem  ; FI.  for  flower ; Cal.  for  calyx ; Cor.  for  corolla  ; Per. 
for  perianth  ; Er.  for  fruit ; Orel,  for  order  ; Gen.  for  genus;  S p . 
or  Spec,  for  species  ; Var.  for  variety  ; Hub.  for  habitat ; Herb. 
for  herbarium,  &c. 
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CHAPTER  II. 

SYSTEMS  OF  CLASSIFICATION. 

We  have  already  stated  that  Systematic  Botany  lias  for  its 
object  the  naming,  describing,  and  arranging  of  plants  in  such  a 
manner  that  we  may  readily  ascertain  their  names,  and  at  the 
same  time  get  an  insight  into  their  affinities  and  general 
properties.  Every  system  that  has  been  devised  for  the 
arrangement  of  plants  does  not,  however,  comprise  all  the 
above  points  ; for,  while  some  systems  are  of  value  simply  for 
affording  us  a ready  means  of  ascertaining  their  names,  others 
not  only  do  this,  but  at  the  same  time  give  us  a knowledge  of 
their  affinities  and  properties.  Hence  we  divide  the  different 
systems  of  Classification  under  two  heads;  namely,  Artificial 
and  Natural — the  former  only  necessarily  enable  us  to 
ascertain  readily  the  name  of  a particular  plant ; while  the 
latter,  if  perfect,  put  before  us  all  the  points  which  come 
within  the  scope  of  Systematic  Botany.  The  great  aim  of  the 
botanist,  therefore,  should  be  the  development  of  a true 
Natural  System;  but  in  past  times,  Artificial  Systems,  more 
particularly  that  of  Linmeus,  have  been  of  great  value. 
Linnaeus  himself  never  devised  his  system  with  any  expectation 
or  desire  of  its  serving  more  than  a temporary  purpose,  or  being 
an  introduction  to  the  Natural  System,  when  the  materials  for 
the  construction  of  the  latter  should  have  been  obtained. 

In  both  artificial  and  natural  systems,  the  lower  divisions — 
namely,  the  genera  and  species— are  the  same,  the  difference 
between  the  systems  consisting  in  the  manner  in  which  these 
divisions  are  grouped  into  orders,  classes,  and  other  higher 
ranks.  In  the  Linnaaan  and  other  artificial  systems,  one, 
or,  at  most,  a few  characters  are  arbitrarily  selected,  and  all  the 
plants  in  the  Vegetable  Kingdom  are  distributed  under  classes 
and  orders  according  to  the  correspondence  or  difference  of  the 
several  genera  in  such  respects,  no  regard  being  had  to  any 
other  characters.  The  plants  in  the  classes  and  orders  of  an 
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artificial  system  have,  therefore,  no  necessary  agreement  with 
each  other  except  in  the  characters  selected  for  convenience  as 
the  types  of  those  divisions  respectively.  Hence  such  a system 
may  be  compared  to  a dictionary,  in  which  words  are  arranged, 
for  convenience  of  reference,  in  an  alphabetical  order,  adjacent 
words  having  no  necessary  agreement  with  each  other,  except 
in  commencing  with  the  same  letter.  In  the  Natural  System, 
on  the  contrary,  all  the  characters  of  the  genera  are  taken  into 
consideration,  and  those  are  grouped  together  into  orders  which 
correspond  in  the  greatest  number  of  important  characters  ; and 
the  orders  are  again  united,  upon  the  same  principles,  into 
groups  of  a higher  order,  namely,  the  classes  and  other  divi- 
sions. It  must  be  evident,  therefore,  that  all  the  knowledge 
we  necessarily  gain  by  an  artificial  system  is  the  name  of  an 
unknown  plant,  while  on  the  other  hand,  by  the  natural  system, 
we  learn  not  only  the  name,  but  also  its  relations  to  the  plants 
by  which  it  is  surrounded,  and  hence  get  a clue  to  its  structure, 
properties,  and  history.  Thus,  supposing  we  find  a plant,  and 
wish  to  ascertain  its  name,  if  we  turn  to  the  Lin  mean  System 
and  find  that  such  a plant  is  the  Menyanthes  trifoliata,  this 
name  is  the  whole  amount  of  the  knowledge  we  have  gained ; 
but  by  turning  to  the  Natural  System  instead,  and  finding  that 
our  plant  belongs  to  the  order  Gentianacecs,  we  ascertain  at 
once  from  its  affinities  that  it  probably  has  the  tonic  and 
other  properties  which  are  possessed  by  the  plants  generally  of 
that  order,  and,  at  the  same  time,  we  also  learn  that  it  accords  in 
its  structure  with  the  same  plants.  It  is  quite  true  that  all  the 
orders,  as  at  present  constituted,  are  by  no  means  so  natural 
as  that  of  the  Gentianacese,  but  this  arises  from  the  present 
inperfection  of  our  systems,  and  can  only  be  remedied  as  our 
knowledge  of  plants  extends  ; a system,  devised  as  perfectly 
as  possible  one  day,  may  be  deficient  the  next,  in  consequence 
of  the  discovery  of  new  plants  which  may  compel  us  to  alter 
our  views,  for  at  present  we  are  only  imperfectly  acquainted  with 
the  floras  of  many  regions  of  the  globe,  and  those  of  others  are 
almost  entirely  unknown.  Sufficient,  however,  is  now  known  of 
plants  to  enable  us  to  establish  certain  great  divisions  according 
to  a natural  method,  which  subsequent  discoveries  are  not  likely 
to  affect  to  any  important  extent.  The  present  imperfections  (if 
the  Natural  System  are,  therefore,  comparatively  unimportant, 
and  will  no  doubt  disappear  as  our  knowledge  of  the  flora  of 
the  globe  becomes  extended. 

Having  now  described  the  general  characters  upon  which 
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the  artificial  and  natural  systems  depend,  and  the  particular 
merits  and  disadvantages  of  the  two  kinds  of  system  respect- 
tively,  we  may  proceed  in  the  next  place  to  describe  the  mode 
of  construction  of  such  systems,  commencing  with  those  of  an 
artificial  nature,  which,  however,  will  be  only  treated  of  very 
briefly. 

Section  1. — Artificial  Systems  of  Classification. 

The  first  artificial  system  of  any  importance,  of  which  we  have 
any  particular  record,  is  that  of  Csesalpinus,  which  was  promul- 
gated in  1583.  Only  1,520  plants  were  then  known;  and  these 
were  distributed  into  fifteen  classes,  the  characters  of  which  were 
chiefly  derived  from  the  fruit.  The  next  systematic  arrangement 
of  an  artificial  character  was  that  of  Morison,  about  the  year 
1670.  He  divided  plants  into  eighteen  classes,  which  were  con- 
structed according  to  the  nature  of  the  flower  and  fruit,  and  the 
external  appearance  of  the  plants.  The  systems  of  Hermann  and 
others  were  also  constructed  upon  somewhat  similar  principles, 
while  that  of  Camellus  was  framed  from  the  characters  presented 
by  the  valves  of  the  pericarp,  and  their  number.  In  the  system 
of  Rivinus,  which  was  promulgated  in  the  year  1690,  plants  were 
divided  into  eighteen  classes ; these  were  founded  entirely  upon 
the  corolla— its  regularity  or  irregularity,  and  the  number  of  its 
parts  being  taken  into  consideration.  The  system  of  Christian 
Knaut  was  but  a slight  alteration  of  that  of  Rivinus.  That  of 
Tournefort,  which  was  promulgated  about  the  year  1695,  was  for 
a considerable  time  the  favourite  system  of  all  botanists.  About 
8,000  species  of  plants  were  then  known,  which  were  distributed 
by  Tournefort  into  twenty-two  classes.  He  first  arranged  plants 
in  two  divisions,  one  of  which  comprised  herbs  and  under-shrubs, 
and  the  other  trees  and  shrubs : and  each  of  these  divisions  was 
then  divided  into  classes,  which  were  chiefly  characterised  ac- 
cording to  the  form  of  the  corolla.  Many  other  systems  were 
devised  which  were  simply  alterations  of  the  foregoing,  as  that 
of  Pontedera.  Magnolius,  however,  framed  a system  entirely 
on  the  calyx  ; while  Gleditsch  attempted  one  in  which  the  classes 
were  founded  on  the  position  of  the  stamens.  All  the  above 
systems  were,  without  doubt,  useful  in  their  day,  and  paved  the 
way  for  the  more  comprehensive  one  of  Linnaeus. 

Linnajan  System. — This  celebrated  system  was  first  pro- 
mulgated by  Linnaeus  in  his  ‘ Systema  Naturae,’  published  in 
the  year  1735  ; and  although  it  was  somewhat  altered  by  subse- 
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quent  botanists,  the  Linnsean  System,  in  all  its  essential  charac- 
ters, was  that  devised  by  Linnaeus  himself ; and  although  now 
superseded  by  natural  systems,  it  will  be  advisable  for  us  to  give 
a general  sketch  of  its  principal  characteristics. 

The  classes  and  orders  in  the  Linnsean  System  are  taken  ex- 
clusively from  the  sporophylls  ; as  these  were  considered  to  be 
the  sexual  organs  of  the  plant,  this  artificial  scheme  is  commonly 
termed  the  Sexual  System. 

The  table  (pp.  12  and  13)  of  the  Classes  and  Orders  of  the 
Linnsean  System  will  show  at  a glance  their  distinctive  cha- 
racteristics. 

Section  2. — Natural  Systems  of  Classification. 

One  of  the  earliest  attempts  at  arranging  plants  according  to 
then-  natural  affinities  was  made  by  our  celebrated  countryman, 
John  Ray,  in  the  year  1682  ; and  imperfect  as  any  scheme  must 
necessarily  have  been  at  that  day,  when  the  number  of  plants 
known  was  very  limited,  still  his  arrangement  was  of  consider- 
able value.  He  was  the  first  to  recognise  the  importance  of  the 
structure  of  the  embryo.  He  divided  plants  into  herbs  and 
trees.  Of  the  former  he  made  two  divisions,  the  first  comprising 
plants  without  flowers,  so  long  known  later  as  Cryptogams.  The 
second  division  of  the  herbs  and  the  whole  of  the  trees  he  sub- 
divided into  Monocotyledons  and  Dicotyledons,  a distinction 
which  has  found  a place  in  all  succeeding  systems. 

Ray  still  further  grouped  plants  together  into  genera,  which 
were  equivalent  to  our  natural  orders.  Many  of  them  indicated  a 
true  knowledge  of  natural  affinities,  and  are  substantially  repre- 
sented at  the  present  day  by  such  natural  orders  as  the  Fungi, 
Musci,  Filices,  Conifer®,  Labiat®,  Composit®,  Umbellifer®,  and 
Leguminos®. 

Tournefort,  who  flourished  in  France  and  was  a contemporary 
of  Ray,  was  the  first  botanist  to  define  genera  as  we  now  accept 
them. 

Next  in  order  was  the  scheme  propounded  by  the  celebrated 
author  of  the  most  perfect  artificial  system  ever  devised  for  the 
arrangement  of  plants,  namely,  Linmeus,  who,  about  the  year 
1738,  drew  up  a sketch  of  the  natural  affinities  of  plants  under 
the  name  of  Fragments.  Many  of  the  divisions  thus  prepared  by 
Linnffius  are  identical  with  natural  orders  as  at  present  defined, 
among  which  we  may  mention  Orchide®,  Gramina,  Composit® 
(nearly),  Umbellat®,  Asperifoli®,  Papilionace®,  Filices,  Musci, 
and  Fungi. 
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Jussieu’s  Natural  System. — To  Antoine L wren t de  Jussieu, 
however,  belongs  the  great  merit  of  having  first  devised  a com- 
prehensive natural  system.  His  method  was  first  made  known 
in  the  year  1789.  It  was  founded  upon  the  systems  of  Bay  and 
Tournefort,  to  which  he  made  some  important  additions,  more 
especially  in  considering  the  position  of  the  stamens  with  respect 
to  the  ovary.  The  following  table,  which  requires  no  explana- 
tion, represents  his  arrangement. 

Class. 


Acotyledons  1-  Acotyledones. 

| Stamens  hypogynous.  2.  Monohypogyme. 
Monocotyledons  -j  Stamens  perigynous.  3.  Monoperigyme. 

' Stamens  epigynous.  4.  Monoepigynse. 

j Stamens  epigynous.  5.  Epistamineae. 

/Apetahe  Stamens  perigynous.  6.  Peristaminese. 

( Stamens  hypogynous.  7.  Hypostaminese. 


c/5 

r-> 

o 


Monopetal  £B 


o 

o 


s 


Corolla  hypogynous 
Corolla  perigynous. 


Corolla  epigynous. 


8.  ITypocoroHse. 

9.  Pericorollee. 

10.  Epicorolbe  Syn- 

antherse  (anthers 
coherent). 

11.  Epicorollce  Coris- 

antherae  (anthers 
distinct). 


| Petals  epigynous. 
Polypetahe  , Petals  hypogynous. 

' Petals  perigynous. 

^ Diclines  irregulares 


12.  Epipetahe. 

13.  Hypopetalae 

14.  Peripetalte. 

15.  Diclines. 


Under  these  fifteen  classes  Jussieu  arranged  100  natural 
orders  or  families.  This  was  the  first  natural  arrangement  in 
which  an  attempt  was  made  to  assign  characters  to  natural 
orders,  but  so  admirably  were  these  drawn  up,  that  they  have 
formed  the  basis  of  all  succeeding  systematists.  Indeed,  the 
limits  of  a great  many  of  Jussieu’s  natural  orders  are  identical 
with  those  of  the  present  day. 

De  Candolle’s  Natural  System.— The  next  system  of  note 
after  that  of  Jussieu  was  that  of  Augustin  Pyramus  de  Candolle, 
which  was  first  promulgated  in  1813.  This  system,  modified, 
however,  in  some  important  particulars,  is  that  which  is  most 
in  use  at  the  present  day.  In  the  first  place,  De  Candolle 
divided  plants  into  two  great  divisions  or  sub-kingdoms,  called 
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Vasculares  or  Cotyledoneae,  and  Cellulares  or  Acotyledonese, 
the  characters  of  which  he  described  as  follows 
Division  1.  Vasculares , or  Cotyledonece  ; that  is,  plants  possessing 
both  cellular  (parenchymatous)  tissue  and  vessels  ; 
and  having  an  embryo  with  one  or  more  cotyledons. 
Division  2.  Cellulares , or  Acotyledonece  ; that  is,  plants  composed 
of  cellular  (parenchymatous)  tissue  only ; and 
whose  embryo  is  not  furnished  with  cotyledons. 

The  former  division  was  again  divided  into  two  classes,  called 
Exogenae  or  Dicotyledoneae,  and  Endogense  or  Monocotyledoneae, 
the  essential  characters  of  which  may  be  thus  stated  : — 

Class  1.  Exogence , or  Dicotyledoneae ; that  is, plants  whose  vessels 
are  arranged  in  concentric  layers,  of  which  the 
youngest  are  the  outermost  and  the  softest ; and 
having  an  embryo  with  opposite  or  whorled  cotyle- 
dons. 

Class  2.  Endogence,  or  Monocotyledoneae  ; that  is,  plants  whose 
vessels  are  arranged  in  bundles,  the  youngest  being 
in  the  middle  of  the  trunk  ; and  having  an  embryo 
with  solitary  or  alternate  cotyledons. 

These  classes  were  again  divided  into  sub-classes  or  groups. 
Thus,  under  the  Dicotyledoneaj  were  placed  four  groups,  named 
Thalamiflorse,  Calyciflone,  Corolliflorie,  and  Monochlamydete. 
Under  the  Monocotyledoneae  two  groups  were  placed,  called 
Phanerogamse  and  Cryptogamse.  The  latter  group  included 
what  are  now  called  the  Vascular  Cryptogams,  or  Pteridophyta. 
The  Acotyledonese  were  also  divided  into  two  groups,  called 
Foliosa;  and  Aphyllse. 

The  following  is  a tabular  view  of  De  Candolle’s  system. 


Sub-Kingdom  1.  Vasculares,  or  Cotyledone.®. 
Class  1.  Exogence,  or  Dicotyledoneae. 


Sub-Class  1.  Thalamiflorce 

2.  Calycijlorce 

3.  Corollifiorce 

4.  Monochlamydece 


I Petals  distinct,  inserted  with 
: the  stamens  on  the  tha- 

' lamus. 

Petals  distinct  or  more  or 
less  united,  and  inserted 
*■  on  the  calyx, 
j Petals  united,  and  inserted 
( on  the  thalamus. 

Having  only  a single  circle  or 
floral  envelopes,  or  none. 

c 


vol.  n. 
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Class  2.  Endogence,  or  Monocotyledoneas. 

Sub-Class  1.  Phanerogams  | F™®tlfieatl0n  visible>  reSu- 

2.  Cryptogamce  |Fi notification  hidden,  un- 
l known,  or  irregular. 

dlic  first  sub-class  comprised  the  true  Monocotyledons  except 
Naiadete,  which  were  included  with  the  Vascular  Cryptogams  in 
the  second. 

Sub- Kingdom  2.  Cellulares,  or  Acotyledone.®. 

Sub-Class  1.  Folioste  { Havl?f  leaf'llke  expansions, 

( and  known  sexes. 

2.  Aphyllce  J HayinS  110  leaf-like  expan- 

( sions,  and  no  known  sexes. 

Under  these  sub-classes  De  Candolle  arranged  161  Natural 
Orders.  As  examples  of  these  we  may  mention  the  following  : 
of  Thala m iflorce — Cruciform,  Caryophylleee,  and  Malvaceae;  of 
Calyciflorce — Rosacea',  Umbelliferae,  and  Composite  ; of  Corol- 
lijlorte-  Convolvulace®,  Solanese,  and  Labiatte  ; of  Mono chla- 
mydece  Polygonea?,  Urticeae,  and  AmentaceaB ; of  Phanerogama; 

Orchideaj,  Irideae,  and  Gramrnete  ; of  Cryptogam m — Filices, 
E(juisetacea;,  and  Lycopodinea: ; of  Foliosce — Musci  and  Hepa- 
ticie  ; and  of  Aphyllce — Lichenes,  Fungi,  and  Algae. 

In  this  system  it  will  be  observed  that  De  Candolle  adopted 
the  primary  divisions  of  Jussieu,  but  he  reversed  the  order  of 
their  arrangement;  for  instead  of  commencing  with  Acotyle- 
dons,  and  passing  through  Monocotyledons  to  Dicotyledons,  he 
began  with  the  latter,  and  proceeded  by  the  Monocotyledons  to 
Acotyledons.  lie  took  a retrograde  step  in  placing  the  Vascu- 
lar Cryptogams  with  the  Monocotyledons. 

Since  the  appearance  of  De  Candolle’s  system  numerous 
other  arrangements  have  been  proposed  by  botanists,  as  those 
of  Agardh,  Perleb,  Dumortier,  Bartling,  Lindley,  Schultz, 
Endlicher,  and  many  others.  The  important  work  of  Robert 
Brown  dates  from  only  a little  later  than  this  system  of  De 
Candolle.  In  1827  he  published  his  discovery  of  the  direct 
application  of  the  pollen  grain  to  the  ovule  in  Conifer®  and 
Cycade®,  which  were  at  that  time  considered  to  belong  to 
the  Dicotyledons.  Thus  began  the  division  into  Gymnosperms 
and  Angiosperms.  At  first  both  these  were  held  to  be  sections  of 
Dicotyledons,  and  it  was  not  understood  that  the  Gymnosperms 
were  a ower  type.  As  all  these  systems,  with  the  exception  of 
those  of  Lindley  and  Endlicher,  were  never  much  used,  and  are 
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not  adopted  in  great  systematic  works  of  the  present  day,  it  will  be 
unnecessary  for  us  to  allude  to  them  further.  But  both  the  latter 
having  been  used  in  important  systematic  works,  it  will  be  advis- 
able for  us  to  give  a general  sketch  of  their  leading  characters. 

Endlicher’s  Natural  System. — The  system  of  Endlicher 
is  adopted  in  his  ‘ Genera  Plantarum,’  published  between  the 
years  1836-1840.  The  following  is  a sketch  of  this  system.  He 
first  divided  plants  into  two  great  divisions,  which  he  denomi- 
nated Regions,  and  named  T hallo  phyla  and  Cormophyta. 
These  were  again  divided  into  Sections  and  Cohorts,  as 
follows : — 

Region  1.  Thallophyta.  Plants  with  no  opposition  of  stem 
and  root ; with  no  vessels  and  no  sexual  organs  ; 
and  with  germinating  spores  lengthening  in  all 
directions. 

Section  1.  Protophyta.  Plants  developed  without  soil  ; 

drawing  nourishment  from  the  element  in  which 
they  grow  ; and  having  a vague  fructification  ; 
as  in  Algae  and  Lichenes. 

Section  2.  Hysterophyta.  Plants  formed  on  languid  or  de- 
caying organisms  ; nourished  from  a matrix ; all 
the  organs  developing  at  once,  and  perishing  in 
a definite  manner  ; as  in  Fungi. 

Region  2.  Cormophyta.  Plants  with  stem  and  root  in  opposite 
directions  ; spiral  vessels  and  sexual  organs  dis- 
tinct in  the  more  perfect. 

Section  3.  Acrobnya.  Stem  growing  at  the  point  only,  the 
lower  part  being  unchanged,  and  only  used  for 
conveying  fluids. 

Cohort  1.  Anophyta.  Having  no  spiral  vessels  ; both  sexes 
perfect ; spores  free  in  spore-cases.  Examples, 
Hepatic®  and  Musci. 

C ohort  2.  Protophyta.  Having  vascular  bundles  more  or 
less  perfect ; male  sex  absent.  Spoi-es  free  in 
one-  or  many-celled  spore-cases.  Examples, 
Filices  and  Equisetace®. 

Cohort  3.  Hysterophyta.  Having  perfect  sexual  organs; 

seeds  without  an  embryo,  polysporous  ; para- 
sitic. Example,  Iihizanthe®. 

Section  4.  Amphibrya.  Stem  growing  at  the  circumference. 

Examples,  Gramine®,  Liliace®,  Iridace®,  Orchi- 
dace®,  and  Pahnace®. 

c 2 
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Section  5.  Acvamphibrya.  Stem  growing  at  both  the  apex 
and  circumference. 

Cohort  1.  Gymnospermce.  Ovules  naked,  receiving  im- 
pregnation immediately  by  the  micropyle ; as 
in  Coniferse. 

Cohort  2.  Apetalas.  Calyx  absent,  rudimentary,  or  simple, 
calycine  or  coloured,  free  or  united  to  the 
ovary.  Examples,  Cupuliferse,  Urticacere,  and 
Polygon  ese. 

Cohort  3.  Gamopetalcc.  Both  floral  envelopes  present,  the 
outer  calycine,  the  inner  corolline,  the  latter 
being  monopetalous ; rarely  abortive.  Exam- 
ples, Compositie,  Labiatae,  Scrophularinese, 
and  Ericaceae. 

Cohort  4.  Dialypctalce.  Both  floral  envelopes  present,  the 
outer  being  monosepalous  or  polysepalous, 
free  or  united  to  the  ovary,  calycine  or  some- 
times corolline  ; the  inner  being  corolline  with 
distinct  petals,  or  rarely  cohering  by  means  of 
the  base  of  the  stamens,  and  with  an  epigy- 
nous,  perigynous,  or  hypogynous  insertion ; 
rarely  abortive.  Examples,  Umbelliferse,  Ra- 
nunculaceae,  Cruciferae,  Caryophylleae,  Rosa- 
cete,  and  Leguminosae. 

Under  these  divisions  Endlicher  included  277  Natural 
Orders.  Like  Jussieu,  he  commenced  with  the  simplest  plants 
and  gradually  proceeded  to  the  more  complicated,  placing  those 
of  the  Leguminosae  at  the  highest  point  of  the  series. 

Lindlky’s'Natural  System. — To  Lindley  especially  belongs 
the  merit  of  having  been  the  first  botanist  who  made  any 
serious  attempt  to  introduce  a natural  arrangement  of  plants 
into  use  in  this  country.  The  first  system  proposed  by  him  in 
1830  was  but  a slight  modification  of  that  of  De  Candolle.  No 
attempt  was  made  in  this  system  to  form  minor  groups  or 
divisions  of  the  tribes ; but  in  1833,  in  a new  system,  Lindley 
arranged  the  natural  orders  in  groups  subordinate  to  the  higher 
divisions,  which  were  called  Nixus  (tendencies).  These  primary 
divisions  were  again  divided  into  Sub-classes , Cohorts , and 
Nixus  or  groups  of  nearly  allied  Natural  Orders.  In  1838 
Lindley  again  altered  his  arrangement  so  far  as  regarded 
Exogens ; and  finally,  in  the  year  1845,  further  modified  his 
views,  and  proposed  the  following  scheme,  which  was  that 
adopted  by  him  in  his  great  work  on  ‘ The  Vegetable  Kingdom.’ 
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1.  Asexual,  or  Flowerless  Plants. 

Stem  and  leaves  undistinguishable  . Class  1.  Thallogens. 
Stem  and  leaves  distinguishable  . . Class  2.  Acrogens. 


2.  Sexual,  or  Flowering  Plants. 

Fructification  springing  from  a thallus  Class  3.  Khizogens. 

Fructification  springing  from  a stem. 

Wood  of  stem  youngest  in  the 
centre ; cotyledon  single. 

Leaves  parallel- veined,  perma- 
nent ; wood  of  the  stem  always 
confused  ....  Class  4.  Endogens. 

Leaves  net-veined,  deciduous ; 
wood  of  the  stem,  when  peren- 
nial, arranged  in  a circle  with 
a central  pith  ....  Class  5.  Dictyogens. 

Wood  of  stem  youngest  at  the  circum- 
ference, always  concentric  ; coty- 
ledons two  or  more. 

Seeds  quite  naked  . . . Class  6.  Gymnogens. 

Seeds  enclosed  in  seed-vessels  . Class  7.  Exogens. 


The  Exogens  were  further  divided  into  four  sub-classes  thus  : 

Sub-Class  1.  Diclinous  Exogens,  or  those  with  unisexual  flowers, 
and  without  any  customary  tendency  to  form 
hermaphrodite  flowers. 

Sub-Class  2.  ELypogynous  Exogens,  or  those  with  hermaphrodite 
or  polygamous  flowers ; and  stamens  entirely 
free  from  the  calyx  and  corolla. 

Sub-Class  3.  Perigynous  Exogens,  or  those  with  hermaphrodite 
or  polygamous  flowers ; and  with  the  stamens 
growing  to  the  side  of  either  the  calyx  or  corolla ; 
ovary  superior,  or  nearly  so. 

Sub-Class  4.  Epigynous  Exogens, or  those  with  hermaphrodite  or 
polygamous  flowers,  and  with  the  stamens  grow- 
ing to  the  side  either  of  the  calyx  or  corolla  ; 
ovary  inferior,  or  nearly  so. 


None  of  the  other  classes  are  divided  into  sub-classes,  but 
of  Endogens  four  sections  are  distinguished  thus  : — 

1.  Flowers  glumaceous  (that  is  to  say,  composed  of  bracts  not 
collected  in  true  whorls,  but  consisting  of  imbricated 
colourless  or  herbaceous  scales). 
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2.  Flowers  petaloid,  or  furnished  with  a true  calyx  or  corolla,  or 

with  both,  or  absolutely  naked  ; unisexual  (that  is,  having 
sexes  altogether  in  different  flowers,  without  half-formed 
rudiments  of  the  absent  sexes  being  present). 

3.  Flowers  furnished  with  a true  calyx  and  corolla  ; adherent  to 

the  ovary;  hermaphrodite. 

4.  Flowers  furnished  with  a true  calyx  and  corolla,  free  from 

the  ovary  ; hermaphrodite. 

Under  the  above  classes  Lindley  includes  303  Natural  Orders, 
which  are  arranged  in  fifty-six  groups  subordinate  to  the  sec- 
tions, sub-classes,  and  classes,  and  which  are  termed  Alliances. 

Bentham  and  Hooker’s  System. — The  system  for  the 
arrangement  of  the  Flowering  Plants  which  is  now  in  vogue  in 
England,  and  which  has  entirely  superseded  that  of  Lindley,  is 
that  which  has  been  devised  by  Bentham  and  Hooker.  It  is 
set  forth  in  their  great  work,  ‘ Genera  Plantarum,’  as  follows  : — 

Division  I.  Phanerogamia. 

Sub-division  1.  Angiospermia. 

Class  1.  Dicotyledoncs. 

Sub-Class  1.  Polypetal®. 

Series  1.  Thalamifior®. 

2.  Disciflorse. 

3.  Calyciflor®. 

Sub-Class  2.  Gamopetal®  or  Monopetal®. 

Series  1.  Infer®  or  Epigyn®. 

2.  Super®. 

3.  Dicarpe®. 

Sub-Class  3.  Monociilamyde®  or  Incomplet®. 

Series  1.  Curvembry®. 

2.  Multiovulat®  aquatic®. 

3.  Multiovulat®  terrestres. 

4.  Micrembry®. 

5.  Daplmales. 

6.  Achlamydospore®. 

7.  Unisexuales. 

8.  Ordines  anomali. 

Class  2.  Monocotyledones. 

Series  1.  Microsperm®. 

2.  Epigyn®. 

3.  Coronarie®. 

4.  Calycin®. 
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Series  5.  Nudiflorae. 

6.  Apocarpse. 

7.  Glumacese. 

Sub-division  2.  Gymnospermia. 


The  series  in  the  sub-classes  Polypetalae  and  Gamopetalse  of 
the  above  system  are  further  divided  into  Cohorts  as  follows : — 


Sub-Class  1.  P OLYPETALA3. 


Series  1.  Thalamiflorae. 
Cohort  1.  Ranales.  Cohort  4. 

2.  Parietales.  5. 

8.  Polygalinese.  ' 6. 


Caryophyllineae. 

Guttiferales. 

Malvales. 


Series  2.  Disciflora?. 

Cohort  1.  Geraniales.  Cohort  3. 

2.  Olacales.  4. 


Celastrales. 

Sapindales. 


Series  3.  Calycifkmc. 

Cohort  1.  Rosales.  Cohort  4.  Ficoidales. 

2.  Myrtales.  5.  Umbellales. 

3.  Passiflorales. 


Sub-Class  2.  Gamopetal.®. 

Series  1.  Infer®  or  Epigynse. 

Cohort  1.  Rubiales.  Cohort  3.  Campanales. 

2.  Asterales. 

Series  2.  Super®. 

Cohort  1.  Ericales.  Cohort  3.  Ebenales. 

2.  Primulales. 

Series  3.  Dicarpeae  or  Bicarpellatse. 

Cohort  1.  Gentianales.  Cohort  3.  Personales. 

2.  Polemoniales.  4.  Lamiales. 


No  division  of  the  series  of  the  Monochlamyde®  or  of  the 
Monocotyledons  is  made  in  ‘ Genera  Plantarum  ; ’ but  in  the 
English  translation  of  Le  Maout  and  Decaisne’s  4 Traite  General 
de  Botanique,’  which  was  edited  by  Sir  J.  D.  Hooker,  another 
classification  of  them  is  adopted  as  follows  : — 

Sub-Class  3.  Monochlamydeje. 


Division  1.  Ovary  superior  (Super w). 


Cohort  1.  Chenopodiales. 

2.  Laurales. 

3.  Daphnales. 

4.  Urticajes. 


Cohort  5.  Amentales. 

6.  Euphorbialcs. 

7.  Piperales. 

8.  Nepenthales, 
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Division  2.  Ovary  inferior  (. Inferce ). 

Cohort  1.  Asarales.  Cohort  3.  Santalales. 

2.  Quernales. 

Class  2.  Monocotyledones. 

Division  1.  Ovary  inferior  {Inferce). 

Cohort  1.  Hydrates.  Cohort  4.  Taccales. 

2.  Amomales.  5.  Narcissales. 

3.  Orehidales.  G.  Dioscorales. 

Division  2.  Ovary  superior  {Super a). 

Sub-division  1.  Ovary  apocarpous  {Aptocarpcv). 

Cohort  1.  Triurales.  Cohort  2.  Potamales. 

Sub-division  2.  Ovary  syncarpous  {Syncarpce). 

Cohort  1.  Palmales.  Cohort  5.  Commelynales. 

2.  Arales.  G.  Bestiales. 

3.  Liliales.  7.  Glumales. 

4.  Pontederales. 

The  classification  of  Bentham  and  Hooker  has  in  the  main 
been  followed  in  this  volume,  and  a description  of  the  several 
Natural  Orders  of  the  ‘ Genera  Plantarum  ’ will  be  found  in  a 
subsequent  section. 

A somewhat  different  classification  has  been  adopted  in 
England  by  Vines,  which  is  as  follows  : — 

Monocotyledones. 

Sub-Class  1.  Spadicifloiue. 

Cohort  1.  Arales. 

Order  1.  Araccae.  Order  4.  Cyclanthaceae. 

2.  Lemnacein.  5.  Typhacese. 

3.  Pandanacea?. 

Cohort  2.  Palmales. 

Order  1.  Palmacete. 

Sub-Class  2.  Glumifloiue. 

Cohort  1.  Glumales. 

Order  1.  Graminaceae.  Order  2.  Cyperacese. 

Cohort  2.  Bestiales. 

Order  1.  Eriocaulonaceae.  Order  2.  Restiaceae. 

Sub-Class  3.  Petaloide;e. 

Series  1.  Hypoyynce. 

Sub-series  1.  Apocarpae. 

Cohort  1.  Alismales. 

Order  1.  Naiadaceae.  Order  3.  Alismaceac. 

2.  Juncaginaceae.  4:.  Butoinaceae. 
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Sub-series  2.  Syncarpae. 

Cohort  1.  Commelynales. 

Order  1.  Xyridaceae.  Order  2.  Commelynaceae. 

Cohort  2.  Liliales. 

Order  1.  Liliaceae.  Order  3.  Pontederiaceae. 

2.  Juncaceae. 

Series  2.  Epigynce. 

Cohort  1.  Hydrates. 

Order  1.  Hydrocharidaceae. 

Cohort  2.  Dioscoreales. 

Order  1.  Dioscoreaceae.  Order  3.  Bromeliaceae. 

2.  Taccaceae. 

Cohort  3.  Ammomales  ( Scitaminece ). 

Order  1.  Musaceae.  Order  3.  Marantaceae. 

2.  Zingiberaceae. 

Cohort  4.  Orchidales. 

Order  1.  Orchidaceae. 

Cohort  5.  Narcissales. 

Order  1.  Amaryllidaceae.  Order  2.  Iridacese. 
Dicotyleclones. 

Sub-Class  1.  Monochlamyde^;. 

Cohort  1.  Piperales. 

Order  1.  Piperaceae.  Order  3.  Saururacese. 

2.  Chloranthacege. 

Cohort  2.  Urtieales. 

Order  1.  Urticaceae.  Order  3.  Cannabinaceae. 

2.  Moraceae.  4.  Ulmaceae. 

Cohort  3.  Amentales. 

Order  1.  Betulaceae.  Order  5.  Myricaceae. 

2.  Corylaceffi.  6.  Casuarinaceae. 

3.  Fagaceae.  7.  Salicaceae. 

4.  Juglandaceae. 

Cohort  4.  Proteales. 

Order  1.  Proteaceae. 

Cohort  5.  Chenopodiales. 

Order  1.  Chenopodiaceae.  Order  3.  Phytolaccaceae. 
2.  Amarantaceae.  4.  Nyctaginacea3. 

Cohort  6.  Asarales. 

Order  1.  Aristolochiaceae.  Order  2.  Cytinaceae, 
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Cohort  7.  Santalales. 

Order  1.  Santalaceae.  Order  8.  Balanophoraceae. 

2.  Loranthaceae. 

Sub-Class  2.  Polypetalas. 

Series  1.  Thalamiflorce. 

Cohort  1.  Banales. 

Order  1.  Bammculaceac.  Order  8.  Calycanthaceae. 

2.  Magnoliaceae.  4.  Nymphaeaceae. 

Cohort  2.  Menispermales. 

Order  1.  Menispermaeeae.  Order  4.  Myristicacese. 

2.  Berberidaceae.  5.  Polygonaceae. 

8.  Lauraceae.  6.  Ceratophyllaceae. 

Cohort  3.  Caryophyllales. 

Order  1.  Caryophyllaceac.  Order  3.  Aizoaeeae. 

2.  Portulaccae. 


Order  1. 

2. 

3. 

4. 

Order  1. 

2. 

Order  1. 
2. 
3. 

Order  1. 

2. 


Order  1. 

2. 

3. 

4. 

5. 

6. 

Order  1. 

2. 


Cohort  4.  Parietales. 
Papaveraceie.  Order  5. 


Bosedaceae. 

Bixaceae. 

Violaceae. 


Fumariaceae.  6. 

Cruciferae.  7. 

Capparidacese. 

Cohort  5. 

Sarraceniaceae. 

Nepenthaceae. 

Cohort  0 
Hypericaceae. 

Tamaricaceae. 

Elatinaceae. 

Cohort  7.  Malvales. 

Tiliaceae.  Order  3.  Malvaceae 

Sterculiaceae. 


Sarraceniales. 
Order  3. 

Guttiferales. 
Order  4. 

5. 

6. 


Droseraceae. 


Ternstroemiaceae. 

Clusiaceae. 

Dipterocarpaceae. 


Series  2.  Disciflorce. 


Cohort  1. 
Gcraniacetc. 
Linaceae. 
Erythroxylace®. 
Oxalidaceae. 
Balsaminaceae. 
Tropaeolaceae. 

Cohort  2. 
Sapindaceae. 
Aceraceae. 


Geraniales. 
Order  7. 
8. 
9. 
10. 
11. 

Sapindales. 
Order  3. 
4. 


Zygophyllaceae. 

Butacete. 

Meliaceae. 

Simarubaceae. 

Burseraceae. 


Polygalacete. 

Anacardiaceae. 
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Cohort  3.  Celastrales. 


Order  1.  Celastraceae.  Order  5. 

2.  Staphyleaceae.  6. 

3.  Aquifoliaceae.  7. 

4.  Thymelaceae. 

Cohort  4.  Euphorbiales. 
Order  1.  Euphorbiaceae.  Order  3. 

2.  Buxaceae.  4. 

Series  3.  Calyciflorce. 
Cohort  1.  Umbellales. 
Order  1.  Umbelliferae.  Order  3. 

2.  Araliaceae. 


Cohort  2.  Passiflorales. 


Order  1.  Passifloraceae.  Order  4. 

2.  Papayacese.  5. 

3.  Begoniacese. 

Cohort  3.  Myrtales. 
Order  1.  Onagraceae.  Order  4. 

2.  Haloragidaceae.  5. 

3.  Lythraceae. 

Cohort  4.  Bosales. 

Order  1.  Bosaceae.  Order  3. 

2.  Leguminosae. 

Cohort  5.  Saxifragales. 
Order  1.  Saxifragaceae.  Order  4. 

2.  Crassulaceae.  5. 

3.  Cephalotaceae.  6. 

Sub-Class  3.  Gamopetal^:. 


Series  1.  Hypogynce. 
Cohort  1.  Lamiales. 


Order  1.  Labiatae.  Order  3. 

2.  Verbenaceae. 

Cohort  2.  Personates. 
Order  1.  Scrophulariaeeae.  Order  5. 

2.  Plantaginaceae.  6. 

3.  Bignoniaceae.  7. 

4.  Acanthaceae. 

Cohort  3.  Polemoniales. 
Order  1.  ConvolvulaceiE.  Order  3. 

2.  Poleinoniaecae.  4. 


Elaeagnaceae. 

Bhamnaceae. 

Ampebdaceae 


Empetraceae. 

Callitriehaceae. 


Comaceae. 


Cucurbitaceae. 

Cactace®. 


Myrtaceae. 

Bhizophoracese. 


Platanacese. 


Pittosporaceae. 

Hamamelidaceae. 

Podostemaceae. 


Glohulariaceae. 


Gesneraceae. 

Orobanchaceae. 

Lentibulariaceae. 


Solanaceae. 

Boraginaceae. 
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Cohort  4.  Gentianales. 


Order  1. 

Gentianaceae. 

Order  4. 

Asclepiadacese. 

2. 

Loganiaceae. 

5. 

Oleaceae. 

3. 

Apocynaceae. 

Cohort  6. 

Ebenales. 

Order  1. 

Sapotaceae. 

Order  3. 

Styraceae. 

2. 

Ebenaceae. 

Cohort  6.  Primulales. 

Order  1. 

Primulaceae. 

Order  3. 

Pluinbaginacete. 

2. 

Myrsinaceae. 

Cohort  7. 

Ericales. 

Order  1. 

Ericaceae. 

Order  4. 

Pyrolaceie. 

2. 

Epacridacese. 

5. 

Vacciniaceas. 

3. 

Diapensiaceae. 

Series  2. 

Epigyncc. 

Cohort  1.  Campanales. 

Order  1. 

Campanulaccae. 

Order  2. 

Lobeliaccae. 

Cohort  2. 

Kubialcs. 

Order  1. 

Bubiacete. 

Order  2. 

Caprifoliacere. 

Cohort  3. 

Asterales. 

Order  1. 

Valerianaccae. 

Order  3. 

Composite. 

2. 

Dipsaceae. 

The  grouping  of  the  Dicotyledons  into  the  three  sub-classes 
Monochlamydeae,  Polypetalae,  and  Gamopetalae,  has  been  severely 
criticised  from  many  points  of  view  by  several  botanists,  and 
has  been  generally  abandoned  on  the  Continent.  The  relation- 
ships of  many  of  the  groups  originally  placed  in  the  first  sub- 
class have  been  traced  with  tolerable  certainty  to  many  of  the 
Natural  Orders  of  the  other  two,  and  from  time  to  time  Natural 
Orders  have  been  removed  from  them  and  intercalated  among 
the  others.  In  a system  suggested  by  Braun  in  1864,  most  of 
them  were  so  distributed  ; and  in  1867  Hanstein  so  classified 
them  all,  making  but  two  sub-classes,  which  he  called  Gamo- 
petalae and  Eleutheropetalae. 

This  division  was  opposed  by  Sachs,  who  claimed  that  the 
union  or  freedom  of  the  petals  was  not  a sufficiently  important 
point  to  be  the  grounds  of  such  a classification.  He  pointed  out 
that  among  the  Eleutheropetalae,  flowers  occur  which  differ 
greatly  from  one  another  not  only  in  this  but  also  in  every  other 
respect;  whilst,  on  the  other  hand,  the  most  intimate  relationship 
exists  between  particular  sections  of  the  two  sub-classes, 
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Sachs  suggested  the  following  scheme  : — 


Monocotyledones. 

Series  1.  Helobise. 

Order  1.  Centrospermse.  Order  3.  Hydrocharidese. 

2.  Polycarpse. 

Series  2.  Micranthse. 

Order  4.  Spadiciflorce.  Order  6.  Enantioblastse. 

5.  Glumiflorse. 


Series  3.  CorollifiorBe. 
Order  7.  Liliiflorte.  Order  9. 

8.  Ananasinete.  10. 


Scitaminete. 

Gynandrte. 


Dicotyledones. 

1.  Juliflorse. 

A.  Pipelines;. 

B.  Urticinese. 

C.  Amentiferse. 

2.  Monochlamydeae. 

A.  Serpentariese. 

B.  Rhizanthete. 

3.  Aphanocyclffi. 

A.  Hydropeltidinete. 

B.  Polycarpse. 

C.  Cruciflorae. 


4.  Tetracyche. 

(«)  Gamopetalse. 

A.  Anisocarpae. 

B Isocarpae. 

(/3)  Eleutheropetalaa. 

C.  Encyclse. 

D.  Centrospernife. 

E.  Discophorse. 

5.  Perigynae. 

A.  Calyciflorae. 

B.  Corolliflorae. 


Each  of  these  divisions  was  further  classified  into  smaller 
groups  of  Natural  Orders,  or  series  of  Natural  Orders. 

Several  other  systems  have  been  used  in  recent  years  on  the 
continent  of  Europe,  of  which  the  most  important  have  been 
those  ofPrantl,  of  Eichler,  and  of  Engler.  Eicbler’s  system  has 
been  somewhat  modified  by  Warming,  and  has  been  received 
with  favour  in  England  as  well  as  abroad. 

System  of  Prantl. — In  this  system  the  main  divisions  into 
Gymnosperms  and  Angiosperms,  and  of  the  latter  into  Mono- 
cotyledons and  Dicotyledons,  are  observed  as  in  the  English 
systems.  The  classification  of  the  last  two  groups  is 
different. 

Monocotyledones. 

Series  1.  Hclobi<e. 

Order  1 . Fluviales.  Order  3.  Hydrocharidese. 

2.  Polyearpicse. 
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Series  2.  Micranthae. 

Order  4.  Spadiciflorae.  Order  6.  Enantioblastae. 

5.  Glumaceae. 

Series  3.  Corolliflorse. 

Order  7.  Liliitlorae.  Order  9.  Gynandrae. 

8.  Scitamineae. 


Dicotyledon  cs. 

Sub-Class  1.  Julifloras. 

Order  1.  Piperinae.  Order  3.  Amentaceae. 

2.  Urticime. 

Sub-Class  2.  Monochlamydeje. 

Order  4.  Serpentariese.  Order  6.  Balanophoreae. 

5.  Rhizantheae.  7.  Santalime. 

Sub-Class  3.  Eleutheropetalas. 

A.  Tricoccie. 

Order  8.  Tricoccse. 

B.  Centrosperma?. 

Order  9.  Polygonias.  Order  10.  Caryophyllinae. 

C.  Apanocyclicte. 

Order  11.  Polycarpicae.  Order  13.  Cistiilora?. 

12.  Cruciflorte.  14.  Columniferae. 

D.  Eucyclicae. 

Order  15.  Gruinales.  Order  17.  /Esculime. 

16.  Terebinthime.  18.  Frangulinae. 

E.  Calyciliorte. 

Order  19.  Umbelliflorae.  Order  23.  Myrtiflone. 

20.  Saxifragime.  24.  Rosiflorte. 

21.  Passiflorinae.  25.  Leguminosae. 

22.  Opimfcime.  26.  Thymelaeinae. 

Sub-Class  4.  Gamopetalah. 

A.  Isocarpete. 

Order  27.  Pritnulinae.  Order  29.  Bicornes. 

28.  Diospyrinae. 

B.  Anisocarpeae. 

1.  Hypogynae. 

Order  30.  Diandraj.  Order  32.  Tubiflorae. 

31.  Contortie.  33.  Labiataeflorae. 

2.  Epigynae. 

Order  34.  Campanulinae.  Order  35.  Aggregate. 
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This  system  somewhat  closely  resembles  that  which  was 
adopted  by  Sachs. 

Warming’s  System.— A system  which  has  met  with  much 
acceptance  on  the  Continent  has  been  devised  by  Warming,  which 
is  based  to  a large  extent  upon  that  of  Eichler  (1883).  In  this 
arrangement  the  Gymnosperms  are  divided  into  three  classes 
instead  of  three  Natural  Orders,  viz.  Conifer  a:,  Cycadeae,  and 
Gnetaceae.  The  Angiosperms  are  classified  as  under.  It  will 
be  seen  that  in  this  system,  as  in  other  German  systems,  the  sub- 
classes of  De  Candolle  and  his  successors  have  been  abandoned. 


Angiospkrm.-e. 

Class  1.  Monocotyledones. 

Family  1.  Helobieae. 

Order  1.  Juncaginaceee.  Order  4.  Naiadaceaa. 

2.  Potamogetonaceae.  5.  Alismaceae. 

3.  Aponogetonaceae.  6.  Hydrocharitaceae. 


Family  2.  Glumifiorae. 

Order  1.  Juncaceee.  Order  3.  Graminese. 

2.  Cyperaceae. 

Family  3.  Spadiciflorae. 

Order  1.  Palmeae.  Order  4.  Typhaceae. 

2.  Cyclanthaceae.  5.  Araceae. 

3.  Pandanaceae.  6.  Lemnaceae. 


Order  1. 
2. 

3. 

4. 

Order  1. 
2. 

3. 

4. 


Order  1. 
2. 

Order  1. 


Family  4.  Enantioblastae. 

Commelinacete.  Order  5.  Eriocaulacete. 

Magacaceae.  6.  Restiacete. 

Xyridaceae.  7.  Centrolepidaceie. 

Rapateacexe. 


Family  5. 
Colchicaceae. 
Liliaceae. 
Convallariaceae. 
Pontederiaceae. 
Amaryllidaceae. 


Liliiflorae. 

Order  6.  Bromeliaceae. 

7.  Haemodoraceae. 

8.  Iridaceae. 

9.  Dioscoriaceae. 


Family  6.  Scitamineae. 

Musaceae.  Order  3.  Cannaceae. 

Zingiberacete.  4.  Marantaceae. 


Family  7.  Gynandrte. 

Burmanniacete.  Order  2.  Orchidaceie. 
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Class  2.  Dicotyledones. 

Sub-Class  1.  Choripetal^e.  Petals  free. 

Family  1.  Saliciflorae. 
Order  1.  Salicaceae. 

Family  2.  Casuariniflorae. 
Order  1.  Casuarinaceae. 


Family  3.  Querciflorae. 

Order  1.  Betulaceae.  Order  3.  Cupuliferae. 

2.  Corylaceae. 

Family  4.  Juglandifloras. 

Order  1.  Juglandaceae.  Order  2.  Myrioaceae. 

Family  5.  Urticiflorae. 

Order  1.  Ulmaceae.  Order  3.  Moraceae. 

2.  Urticaeeae.  4.  Cannabinaceae. 


Family  6.  Polygoniflorae. 

Order  1.  Polygonaceae.  Order  3.  Chlorantlmceae. 

2.  Piperaceie. 


Family  7.  Curvembryae. 

Order  1.  Caryophyllaceae.  Order  5.  Phytolaccaceae. 

2.  Amarantaceae.  6.  Porirulacaceae. 

3.  Chcnopodiaceae.  7.  Nyctaginiaceae. 

4.  Batidaceie.  8.  Aizoaceae. 


Family  8.  Cactiflorae. 
Order  t.  Cactaccae. 

Family  9.  Polycarpicse. 
Order  1.  llanunculaceie.  Order  7. 

2.  Nymphaeaceae.  8. 

3.  Ceratophyllaceae.  9. 

4.  Anonaceae.  10. 

5.  Magaioliaceae.  11. 

0.  Calycanthaceae.  12. 

Family  10.  Rheeadinae. 
Order  1.  Papaveraceae.  Order  3. 

2 Fumariaceae.  4. 

Family  11  Cistiilorae. 
Iiesedaceae.  Order  G. 

Droseraceae.  7. 

3.  Sarraceniaceae.  8. 

4.  Nepenthaceae.  9. 

5.  Yiolaceae.  10. 


Order  1 
2 


Monimiaceae. 

Berberidaceae. 

Mcnispermaceae. 

Lardizabalaccae. 

Lauraceae. 

Myristicaceae. 

Cruciferae. 

Capparidaceae. 

Frankeniaceae. 

Tamaricaceae. 

Cistaceae. 

Bixaceae. 

Dilleniaceae. 
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Order  11. 

12. 

13. 

14. 

Order  1. 

2. 

3. 

4. 

Order  1. 

2. 

Order  1. 

2. 

Order  1. 

2. 

3. 

4. 


Elatinaceae. 

Hypericaceae. 

Guttiferae. 

Ternstroemiaceae. 


Order  15. 
16. 
17. 


Rhizoboleae. 

Marcgraviaceae. 

Dipterocarpaceae. 


Family  12.  Grninales. 


Order  1. 

2. 

3. 

4. 

5. 

Order  1. 

2. 

Order  1. 

2. 

Order  1. 

2. 

3. 

4. 

Order  1. 

2. 


Oxalidaceae.  Order  5. 

Linaceae.  6. 

Geraniaceae.  7. 

Tropaeolaceae. 

Family  13.  Columniferae. 
Stercubaceae.  Order  3. 

Tiliaceae. 

Family  14.  Tricoccae. 

Euphorbiaceae.  Order  3. 

Buxaceae.  4. 

Family  15.  Terebinthinae. 
Connaraceae.  Order  6. 

Meliaceae.  7. 

Rutaceae.  8. 

Burseraceae.  9. 

Zygophyllaceae. 

Family  16.  /Esculirne. 
Staphyleaceae.  Order  6. 

Melianthaceae.  7. 

Sapindaceae.  8. 

Aceraceae.  9. 

Malpigliiaceae.  10. 

Family  17.  Frangulinae. 


Balsaminaeeae. 

Limnanthaceae. 

Humiriaceae. 


Celastraceae.  Order  3. 

Aquifoliaceae.  4. 

Family  18.  Thymelaemae. 
Tl^melaccae.  Order  3. 

Elacagnace®. 

Family  19.  Saxifraginae. 


Crassulaceae. 
Saxifragaceae. 
Ribesiaceae. 
Hyclrangeaceae. 

Family  20. 
Rosaceae. 
Amygdalaceae, 


Order  5. 

6. 

7. 

8. 

Rosiflorae. 
Order  3. 
4. 


Malvaceae. 


Callitrichaceae. 

Empetraceae. 

Simarubaceae. 

Oclmaceae. 

Anacardiaceae. 

Icacinaceae. 


Erythroxylaceae. 

Vochysiaceae. 

Trigoniaceae. 

TremancRaceae. 

Polygalaceae. 

Ampelidaceae. 

Rbamnaceae. 

Proteaceae. 


Pittosporaceae. 

Hainamelidaceae. 

Plaitanaceae. 

Podostemaceae. 

Chrysobalanaceae. 

Pomaceae. 
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Order 


Order 


Order 


3. 

4. 


Order 


Order 


Sub-Class 
Series  1 

Order 


Order 

Order 
Series  2. 
Order 

Order 


Family  21.  Leguminos®. 

1.  C®salpiniace®.  Order  3. 

2.  Papilionace®. 

Family  22.  Passiflorin®. 

1.  Passiflorace®.  Order  5. 

2.  Papayacere.  6. 

3.  Turnerace®.  7. 

4.  Samydaceas.  8. 

Family  23.  Myrtiflor®. 

1.  Lythrace®.  Order  5. 

2.  Blattiace®.  6. 

Melastomace®.  7. 

ffinotherace®  8. 

(Onagracese). 

Family  24.  Umbelliflor®. 
Cornace®.  Order  3. 

Araliace®. 

Family  25.  Hysterophyta, 
Aristolochiaceaj.  Order  4. 
SantalacesE.  5. 

Loranthacese. 

. Sympetalte.  Petals  united. 
Pentacyclicae. 

Family  20.  Bicornes. 
Pyrolaccte.  Order  4. 

Ericaceae.  5. 

Rhodorace®.  6. 

Family  27.  Diospyrin®. 
Sapotace®.  Order  3. 

Ebenace®. 

Family  28.  Primulin®. 
Primulace®.  Order  3. 

Myrsinacc®. 

Tetracyclic®. 

Family  29.  Tubiflor®. 
Polemoniace®.  Order  3. 

Hydrophyllace®. 

Family  30.  Personat®. 
Solanace®.  Order  6. 

Nolanace®.  7. 

Scrophulariace®.  8. 

Utriculariace®.  9. 

Gesnerace®. 


1. 

2. 

1. 

2. 

3. 


1. 

2. 

3. 

1. 

2. 

1. 

2. 


Mimosace®. 


Loasace®. 

Datiscace®. 

Begoniace®. 

Cucurbitace®. 

Haloragidacc®. 

Rhizophorace®. 

Combretace®. 

Mtyrtace®. 


Umbellifcr®. 


Rafflesiace®. 

Balanophorace®. 


Diapensiace®. 

Epacridace®. 

Vacciniacc®. 

Styracace®. 

Plumbaginace®. 

Convohailace®. 


Bignoniace®. 

Pedaliace®. 

Acantliace®. 

Plantaginace® 
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Family  31.  Nuculiferae. 

Order  1.  Cordiaceae.  Order  5.  Selaginaceae. 

2.  Boraginaceae.  6.  Globulariacoae. 

3.  Verbenaceae.  7.  Stilbaceae. 

4.  Labiatae. 

Family  32.  Contortae. 

Order  1.  Gentianaceae.  Order  5.  Oleaceae. 

2.  Apocynaceae.  6.  Jasminaceae, 

3.  Asclepidaceae.  7.  Salvadoraceae. 

4.  Loganiaceae. 

Family  33.  Bubiales. 

Order  1.  Rubiaceae.  Order  2.  Caprifoliaceae. 

• Family  34.  Dipsacales. 

Order  1.  Yalerianaceae.  Order  3.  Calyceraceae. 

2.  Dipsacaeeae. 

Family  35.  Campanulinae. 

Order  1.  Campanulaceae.  Order  4.  Godeniaceae. 

2.  Cyphiaceae.  5.  Stylidiaceae. 

3.  Lobeliaceae. 

Family  36.  Aggregatae. 

Order  1.  Compositae. 

System  of  Engler  (1892). — In  this  system  the  Vegetable 
Kingdom  is  divided  into  four  large  groups  : the  Myxothallophyta, 
including  only  the  Myxomycetes  ; the  Eiithallophyta,  embracing 
the  various  groups  of  the  Algae  and  Fungi ; the  Embryopliyta 
zoidiogama , including  the  Bryophyta  and  the  Pteridophyta  ; and 
the  EmbryopTvyta,  siphonogama,  in  which  are  placed  the  Sperma- 
phyta.  The  latter  are  classified  as  under : — 

Sub-division  1.  Gymnospeem.e. 

Class  1.  Cycadales.  Class  4.  Coniferae. 

2.  Cordaitales.  5.  Gnetales. 

3.  Bennettitales. 

Sub-division  2.  Angiosperm^e. 

Class  1.  Chalazoganue. 

Series.  Verticellatae. 


Class  2.  Acrogamae. 

Sub-Class  1.  Monocotyledonece. 


Series  1.  Pandanales. 

2.  Helobia;. 

3.  Glamiflorae. 

4.  Principes. 

5.  Synanthae. 


Series  6.  Spathiflorae. 

7.  Farinosae. 

8.  Liliiflor*. 

9.  Scitamineae. 

10.  Microspermae. 
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Sub-Class  2.  Dicotyledoriece. 
1.  Arcliichlamydese. 


Series  1.  Piperales. 

Series  13. 

Sarraceniales. 

2.  Juglandales. 

14. 

Bosales. 

3.  Salicales. 

*15. 

Geraniales. 

4.  Fagales. 

1G. 

Sapindales. 

5.  Urticales. 

17. 

Bhamnales. 

6.  Proteales. 

18. 

Malvales. 

7.  Santalales. 

19. 

Parietal  es. 

8.  Aristolochiales. 

20. 

Opuntiales. 

9.  Polygonales. 

21. 

Thymebeales. 

10.  Controspernue. 

22. 

Myrtiflorce. 

11.  llanales. 

23. 

Umbellitlone. 

12.  Rhoeadales. 

Sympetala;. 

Series  1.  Ericales. 

Sei'ies  6. 

Plantaginales. 

2.  Primulales. 

7. 

Rubiales. 

3.  Ebenales. 

8. 

Aggregate , 

4.  Contortse. 

9. 

Campanulatse. 

5.  Tubiflorte. 
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It  will  have  been  seen  that  the  Natural  System  now  in  use 
in  England  has  been  gradually  evolved  through  the  working  of 
many  observers,  extending  over  many  years.  There  is  no 
reason  to  suppose  that  it  has  yet  attained  anything  like  com- 
pleteness ; indeed,  many  of  the  groups  are  still  variously  placed 
by  different  botanists.  For  the  present,  however,  the  Vegetable 
Kingdom  may  be  conveniently  divided  into  the  following  four 
groups : — 

I.  Thallophyta,  including  the  forms  whose  vegetative  body 
is  commonly  a thallus  or  a thalloid  shoot.  It  rarely  shows 
greater  morphological  differentiation.  The  prominent  form  is 
the  gametophyte,  the  sporophyte  not  always  occurring. 

It  is  subdivided  into  : 

Class  1.  Algae. 

„ 2.  Fungi. 

„ 3.  Lichenes. 

II.  Bryophyta,  or  Moss-like  plants.  The  gametophyte  is  the 
more  prominent  form,  and  regularly  alternates  with  the  sporo- 
phyte. Differentiation  of  the  body  of  the  former  into  stem  and 
leaves  is  general,  but  the  roots  are  rudimentary  or  absent. 

It  includes : 

Class  4.  Hepatic®. 

„ 5.  Musci. 

III.  Ptf.ridophyta,  or  Fern-like  plants.  The  sporophyte  is 
the  prominent  form,  the  gametophyte  being  small  and  not  well 
developed.  Considerable  differentiation  of  tissues  is  found  in  the 
sporophyte,  and  its  body  exhibits  stem,  leaves,  and  roots. 

It  includes : 

Class  6.  Filicin®. 

„ 7.  Equisetin®. 

„ 8.  Lycopodin®. 

IV.  Spermaphyta,  or  Phanerogamia,  including  all  plants 
which  produce  seeds.  The  sporophyte  is  the  predominant  form. 

The  sub-divisions  are  : 

A.  Gym  nosperm®. 

Class  9.  Gymnosperm®. 

B.  Angiosperm®. 

Class  10.  Monocotyledones. 

„ 11.  Dicotyledones. 
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CHAPTER  III. 

Gkoup  I. 

THALLOPHYTA. 

This  group  includes  the  Algae,  the  Fungi,  and  the  Lichens. 
It  embraces  plants  of  widely  different  habit  and  complexity  of 
structure,  both  morphological  and  anatomical.  In  the  lowest 
forms  tlioy  are  characterised  by  extreme  simplicity  in  both 
these  respects,  the  plant  body  being  sometimes  a single  cell, 
sometimes  a thallus  consisting  of  filaments  or  plates  of  cells. 
In  the  higher  forms,  on  the  contrary,  the  plants  are  often  bulky 
and  formed  of  masses  of  tissue  showing  some  considerable  histo- 
logical differentiation ; their  form  may  display  both  root  and 

shoot,  the  latter  exhibit- 
ing stem  and  leaves.  On 
the  other  hand, these  bulky 
masses  may  be  distinctly 
thalloid. 

The  simplest  Thallo- 
phyte  shows  no  histologi- 
cal differentiation,  being 
only  a single  cell  such  as 
Yeast,  or  Htematococcus. 
A chain  of  cells  like  Nostoc 
(fig.  779)  is  almost  as 
simple,  though  cells  of  two  kinds  may  be  present  in  the  chain. 
Usually  a filament  of  this  kind  has  its  cells  independent,  and 
separated  from  each  other  by  cell-walls.  In  a good  many  cases 
these  separating  walls  are  not  formed,  and  the  organism  consists 
of  a tubular  body  with  an  external  wall,  on  the  inner  face 
of  which  lie  the  constituent  cells,  whose  protoplasm  is  con- 
tinuous throughout.  The  composite  nature  of  this  structure 
is  recognised  by  the  presence  of  numerous  nuclei.  A structure 
like  this  is  called  a Coenocyte. 

The  filament  in  other  cases  is  much  like  this,  but  some  of 


Fig.  779. 


Fig.  779.  Filaments  from  a Nostoc  colony. 
After  Luer8sen. 
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the  separating  walls  are  present,  so  that  the  filament  is  divided 
into  a number  of  chambers,  which  are  not  cells  but  coenocytes. 

This  coenocytic  structure  may  extend  into  some  of  the  mor- 
phologically most  highly  complex  bodies.  Thus  the  Alga 
Caulerpa,  which  attains  considerable  size  and  whose  body  shows 
rounded  stems  and  much-divided  leaves,  is  composed  of  only  a 
single  ccenocyte,  whose  cavity  extends  through  all  the  ramifica- 
tions of  the  plant.  The  Fungus  Mucor  Mucedo  shows  a similar 
structure  {fig.  780). 

In  cases  where  the  Thallophyte  is  composed  of  masses  of 

Fig.  780. 


cells  there  may  be  considerable  histological  differentiation,  or 
there  may  be  but  little.  In  some  of  the  brown  seaweeds  we  find 
a limiting  layer,  enclosing  a very  different  internal  tissue. 
In  some  this  is  composed  of  elongated  loosely  arranged  cells 
with  mucilaginous  cell-walls;  in  others  it  shows  differentiation 
into  more  complex  structures.  In  Macrocystis,  for  example,  we 
find  under  the  epidermal  layer  a layer  of  thin-walled  parenchyma 
covering  a layer  of  somewhat  prosenchymatous  cells  with 
thickened  walls,  sometimes  with  pits  upon  them.  The  inner 
portion  of  this  contains  the  well-marked  sieve-tubes  already 
referred  to.  Some  of  the  large  Algai  of  the  same  group  as 
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Macrocystis,  the  Laminarias,  show  a secondary  growth  in  thick- 
ness of  the  stalk,  the  merismatic  layer  being  sometimes  the  epi- 
dermal one,  and  sometimes  one  specially  differentiated  near  the 
periphery.  In  the  latter  case  the  growth  in  thickness  resembles 
that  of  a Dicotyledon,  though  the  cells  formed  are  different, 
never  becoming  lignified  nor  truly  vascular.  There  is  formed 
in  some  a kind  of  axial  strand  of  elongated  cells,  which  can 
sometimes  be  traced  upwards  into  the  leaves.  In  some  of  the 
plants  of  the  same  group  certain  secretory  structures,  the  mucus 
or  gum  passages,  are  differentiated.  In  the  masses  of  tissue 
constituting  the  so-called  fructifications  of  the  more  bulky  Fungi, 
such  as  Agaricus,  the  structure  is  composed  of  filamentous  cells 
or  hyplia;  arranged  side  by  side  and  cohering  together. 

The  differentiation  of  tissue  leads  also  to  the  localisation  of 
the  regions  of  growth.  These  are  sometimes  apical,  when  the 
growing  points  may  be  convex  or  depressed;  or  they  maybe 
intercalary. 

The  form  in  which  the  plant  exists  is  always  the  gameto- 
phyte.  The  sporophyte  is  either  not  produced  at  all,  or  it  forms 
a small  structure  not  detached  from  the  gametophyte,  and  some- 
times consisting  only  of  a single  cell.  In  but  few  cases  is  it  a 
separate  structure.  There  is  thus  not  that  regular  alternation 
of  generations  which  we  have  seen  to  exist  in  all  the  forms  above 
the  Thallophytes,  where  the  sporophyte  regularly  gives  rise  to 
the  gametophyte  and  is  again  reproduced  from  the  latter.  This 
obtains,  however,  in  some  cases,  particularly  in  the  higher  Algaj. 

The  gametophyte  in  very  many  cases  produces  asexual  as 
well  as  sexual  reproductive  cells.  These  are  in  structure  and  mode 
of  behaviour  almost  exactly  like  the  spores  of  the  sporophyte. 
To  distinguish  them  from  the  latter  they  are  often  called  gonidia. 
In  some  cases  both  gonidia  and  gametes  are  borne  upon  the 
Bame  gametophyte  ; in  others  the  plant  frequently  produces 
gonidia  alone.  A gametophyte  in  which  no  sexual  cells  arise  is 
spoken  of  as  a potential  one.  In  many  cases  a succession  of 
potential  gametophytes  occurs,  each  arising  from  one  of  the 
gonidia  of  its  parent,  which  succession  is  sooner  or  later 
interrupted  by  one  of  the  series  producing  sexual  cells.  Thus  an 
irregular  alternation  of  generations  arises,  not  between  gameto- 
phyte and  sporophyte,  but  between  actual  and  potential  gameto- 
phytes. This  is  spoken  of  as  homologous  alternation,  to 
distinguish  it  from  the  other  kind,  which  is  known  as  anti- 
thetic. 

A potential  gametophyte  must  not  be  confused  with  a sporo- 
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phyte,  though  both  bear  only  asexual  reproductive  cells.  The 
former  is  capable  of  bearing  sexual  cells  as  well,  under  appro- 
priate conditions  ; the  latter  is  not. 

As  mentioned  above,  the  result  of  the  coalescence  of  two 
gametes  is  sometimes  the  production  of  a sporophyte.  Very 
often,  however,  the  process  only  gives  rise  to  another  garneto- 
phyte. 

The  same  plant  body  produces  thus  both  sexual  and  asexual 
cells.  In  this  lowly  class  of  plants  the  allotment  of  these  two 
varieties  of  reproductive  structures  each  to  its  appropriate  plant 
body  has  not  yet  been  reached. 


Fig.  781.  Fig.  782. 


tij-  781.  \ ortic.il  section  of  <i  female  coucepta.de  of  /'  tic  us  yeaffcMloswA' containing 
oogonia  and  paraphyses.  After  Thnret.- — Fig.  782.  Oogonium  with  the 
oospheres  fully  separated,  and  disengaging  themselves  from  their  coverings 
After  Thuret. 

Above  this  group  each  kind  is  found  developed  upon  its 
special  form,  and  the  two  forms  regularly  alternate. 

The  gametophyte  is  the  dominant  form  in  the  group ; the 
commencement  of  the  development  of  the  sporophyte  is  indi- 
cated in  the  group  of  Algai  by  the  zygospores  of  many  Cliloro- 
phycete,  which  produce  two  or  four  zoospores  on  germination, 
and  perhaps  by  the  formation  of  the  cystocarps  or  fruits  of  the 
red  seaweeds;  in  the  Fungi  by  the  behaviour  of  the  zygote  of 
the  Myxochytridineae,  which  gives  rise  to  zoospores,  and  that  of 
Mucor  which  produces  a rudimentary  mycelium,  on  which  is 
developed  a sporangium  with  its  spores. 

In  the  Thallophyta  the  differentiation  of  the  sexual  organs  is 
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seldom  very  complex.  The  male  cells  or  antherozoids,  or  sperma- 
tozoids,  are  usually  developed  in  antheridia,  often  consisting  of 
single  cells  of  the  surface.  In  the  Fungi  the  differentiation  into 
antherozoids,  with  one  doubtful  exception,  does  not  take  place, 
and  the  male  organ  is  only  a swollen  cell  or  branch  of  a hypha, 
containing  usually  undifferentiated  protoplasm.  In  most  cases 
the  antherozoids  are  ciliated  and  consequently  motile ; in  certain 
groups  of  both  Algae  and  Fungi  they  are  non-motile.  In  this 
case  they  become  sooner  or  later  clothed  with  a cell-wall. 

The  female  organ  is  usually  an  oogonium  (fig.  782)  consist- 
ing of  a single  cell,  often  carried  on  a stalk,  and  containing  one 


or  more  oosphevcs.  In  other  forms  it  is  an  utchiccivp  (fig.  783) 
or  procarpium  (fig.  784)  and  does  not  contain  any  differentiated 
oosphere. 

The  Thallophyta  are  divided  into  three  classes,  the  Algie, 
Fungi,  and  Lichens.  The  first  contain  chlorophyll,  the  second 
do  not.  As  a consequence  their  habit  of  life  is  essentially  dif- 
ferent ; the  former  can  prepare  food  for  themselves  from  the 
constituents  of  the  air  and  the  medium  in  or  on  which  they  live, 
the  latter  are  compelled  to  obtain  it  directly  or  indirectly  from 
other  organisms.  The  members  of  the  third  class  are  partly 
algal  and  partly  fungal. 
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Class  I. — ALGiE. 

As  we  have  already  seen,  there  exists  in  this  group  a won- 
derful variety  of  forms,  ranging  from  single  cells  of  microscopic 
dimensions  to  immense  plants  showing  both  morphological  and 
anatomical  differentiation.  They  are  mainly  aquatic  in  their  habit, 
being  found  in  both  fresh  and  salt  water.  Many  of  the  humbler 
of  them  occur,  not  in  water,  but  in  moist  situations,  such  as  on 
rocks,  banks,  tree  trunks,  &c.  Some  few  forms  are  epiphytic, 
living  attached  to  other  Algie  by  filamentous  or  more  massive 
outgrowths,  which  are  embedded  in  the  tissues  of  their  hosts. 
Though  epiphytic  they  are  usually  not  parasites. 

They  all  contain  colouring  matters  of  some  kind  ; chlorophyll 
is  always  present,  but  in  some  it  is  masked  by  the  presence  of 
other  pigments  in  the  chromoplastids.  We  have  blue-green, 
green,  brown,  and  red  Algae,  and  the  distinguishing  colouring 
matters  serve  as  a primary  basis  of  classification  in  the  group. 

The  forms  that  live  in  fresh  water  are  chiefly  green,  though 
there  are  among  them  a few  red  forms,  and  many  which  are 
blue-green.  A large  number  of  microscopic  forms,  belonging  to 
the  Diatoms,  also  inhabit  fresh  water.  These  are  olive-brown 
in  colour. 

The  massive  forms  include  representatives  of  all  four  colours  : 
then-  distribution  bears  a certain  relationship  to  their  hue. 
Thus  the  seaweeds  which  are  found  near  the  limit  of  high-water 
are  green  ; between  high-  and  low-water  marks  the  olive-brown 
forms  are  more  prominent,  while  the  red  forms  are  also  sparsely 
represented  in  this  area.  Beyond  low-water  mark  the  olive- 
green  gradually  give  place  to  the  red  forms,  and  as  the  depth 
increases  the  latter  become  predominant.  They  are  seldom  found 
beyond  a depth  of  250  to  300  feet,  so  that  the  massive  flora 
occupies  a belt  along  the  shore,  extending  from  that  depth  to  the 
limit  of  high-water.  Some  forms  are  attached  to  a substratum, 
others  float  freely  in  the  water. 

The  form  which  the  adult  plant  exhibits  is,  as  we  have  seen, 
the  gametophyte,  either  actual  or  potential.  The  sporophyte 
rarely  occurs,  and  then  only  in  a few  of  the  higher  members  of 
the  green,  brown,  and  red  forms. 

In  histological  differentiation  the  Algae  arc  all  very  simple 
as  compared  with  the  higher  plants.  Many  of  them  are 


44 


MANUAL  OF  BOTANY 


unicellular  and  multiply  by  ordinary  fission  ; each  cell-division 
so  produces  a new  plant.  In  others  the  cells  do  not  separate  from 
each  other,  but  the  division  proceeds  until  a long  filament  of  cells 
is  formed,  each  cell  being  generally  physiologically  independent, 
though  connected  anatomically  with  the  others.  In  other  cases 
the  cells  divide  in  two  planes,  forming  a plate  of  cells.  Some- 
times the  unicellular  forms  do  not  separate  from  each  other 
after  division,  but  remain  connected  by  a common  mucilaginous 
cell-wall,  forming  a colony  or  ccenobium.  In  other  Algte  the 
structure  is  a ccenocyte,  no  cell-walls  being  formed  in  the  in- 
terior of  the  filament,  which  thus  appears  unicellular.  In  the 
larger  coenocytes,  as  Caulcrpa,  the  cavity  is  often  crossed  by 


Fki.  785. 


/'if/.  7H5.  Vertical  section  of  a fcuiulu  oonceptaclc  of  Fuctis  oesiculosus 
containing  oogonin  and  pnruphyses.  After  Tliurct. 


trabeculae  of  modified  cellulose.  In  the  higher  forms  the  plant  is 
multicellular,  and  shows  a rudimentary  differentiation  of  tissues  ; 
a kind  of  epidermis  often  being  distinguishable  from  a central 
tissue,  which  is.  sometimes  furnished  with  sieve-tubes.  In  the 
stalks  of  some  Laminarias  there  is  a secondary  meristem  which 
increases  the  thickness  of  the  part.  In  many  of  the  Plneophyceas 
the  internal  cells  are  hypha-like,  and  loosely  arranged  with 
mucilaginous  walls  and  large  intercellular  spaces  (fig.  785). 
There  is  sometimes  a fair  amount  of  morphological  differentia- 
tion ; generally  the  plant  body  is  a thallus,  but  frequently 
rudimentary  roots  can  be  distinguished,  serving  as  organs  of 
attachment.  The  plant  is  often  attached  to  its  substratum  by 
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special  discs  or  outgrowths  from  the  stem  known  as  haptera. 
The  shoot  in  many  cases  may  show  differentiation  into  stem 
and  leaf,  sometimes  of  very  delicate  form.  Instances  may  he 
found  in  Cauletpa,  Ghara,  Sargassum , and  others. 

The  mode  of  growth  in  length  of  the  thallus  or  thalloid 
shoot  also  varies  a good  deal.  There  are  often  definite  growing 
points,  which  may  be  either  apical  or  intercalary.  When  they 
arc  apical  they  sometimes  consist  of  a simple  apical  cell,  as 
they  do  in  the  Ferns  and  their  allies  ; or  they  may  he  composed 
of  a number  of  cells.  These  may  he  disposed  in  a series  along 
the  margin  of  the  thallus,  or  may  form  a group  resembling  the 
apical  meristem  of  the  Phanerogams.  In  the  coenocytes,  though 
these  grow  at  their  apices,  no  apical  cell  is  differentiated.  When 
the  growth  in  length  is  intercalary,  there  is  often  a definite 
growing  zone  in  the  frond,  but  sometimes  this  is  not  the  case, 
any  cell  being  capable  of  division.  Sometimes  the  growing  point 
consists  of  a terminal  hair,  or  collection  of  hairs,  the  basal  cells 
of  which  are  merismatic.  In  most  filamentous  forms,  any  cell 
of  the  filament  can  divide,  and  so  increase  the  length  of  the 
filament. 

Where  secondary  growth  in  thickness  takes  place  it  may  be 
brought  about  in  two  ways.  In  the  stalks  of  some  of  the 
Laminarias  a secondary  meristem  or  cambium  is  developed, 
either  in  the  epidermal  cells  or  those  immediately  beneath  them. 
This  behaves  as  in  woody  Dicotyledons,  producing  new  tissue  on 
both  sides.  The  external  tissue  forms  a pseudo-bark  or  rind, 
while  the  internal  adds  to  the  substance  of  the  stalk.  The 
central  stalk  tissue  is  a dense  plexus  of  filaments  which  anasto- 
mose freely  with  each  othei\  In  Desmarestia  a sort  of  mantle 
or  covering  of  the  original  axis  is  produced  by  filaments  which 
grow  from  the  cells  of  the  lateral  branches  originating  just 
below  the  growing  point,  which  become  united  together  and  to 
the  original  axis,  subsequently  undergoing  differentiation  into 
cortical  and  internal  tissues. 

With  the  exception  of  the  lowest  group  the  colouring  matters 
are  associated  with  definite  chromatophores,  which  may  occur 
singly  or  in  numbers  in  the  cells.  The  pigments  which  are 
formed  are  phyeoerythrine  in  the  red,  phycoxanthine  and 
pliycophceinc  in  the  brown,  and phycocy amine  in  the  blue-green 
Algse.  Besides  these,  all  the  members  of  the  group  contain 
chlorophyll,  which  is  the  only  colouring  matter  in  the  green 
forms.  The  other  pigments  may  be  extracted  by  fresh  cold 
water,  which  dissolves  all  but  the  chlorophyll.  The  disposition 
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of  the  chromatophores  is  very  constant  in  the  several  species. 
In  some  of  them  curious  bodies  called  pyrenoids  are  found, 
which  are  probably  connected  with  the  assimilative  processes. 

The  group  exhibits  considerable  variety  in  its  modes  of  sexual 
reproduction.  In  the  simplest  forms  that  show  sexuality,  the 
gametes  are  not  distinguishable  into  male  and  female.  In 
Ulothrix  (fig.  803)  the  contents  of  some  cells  break  up  into  a 
number  of  ciliated  masses  of  protoplasm  which  escape  from 
the  cell,  and,  after  swimming  about  for  a while,  conjugate  in 
pairs.  In  the  Zygnemcce  and  Mesocarpece  the  gametes  are 
solitary  and  not  motile,  and  do  not  escape  from  the  cells  in 


Fig.  787. 


/■'irj.  7HG.  Antheridin,  a,  a,  on  the  branched  lmirs  of  the  male  conceptacle. 

After  T buret. Fig.  787.  Oogonium  with  the  oosplieres  fully  separated, 

and  disengaging  themselves  from  their  coverings.  After  Tliuret. — — 

Fly.  788.  An  oosphere  without  a cellulose  coat,  surrounded  by  motile 
nntherozoids. 

which  they  are  formed.  In  Cutler ia  the  gametes  are  dissimilar 
in  size,  but  both  arc  ciliated.  The  larger  comes  to  rest  soonest, 
and  one  of  the  smaller  fuses  with  it.  More  completely  differen- 
tiated gametes  are  found  in  higher  forms  (figs.  787  and  789) ; 
oosplieres  are  developed  in  oogonia  and  antherozoids  in  an- 
theridia.  When  the  gametes  are  alike  (planogametes)  the  repro- 
duction is  called  isogamous  ; when  they  are  different  in  size  and 
behaviour  it  is  said  to  be  oogamous.  In  the  Bhodophycece  the 
antherozoid  is  not  ciliated  and  there  is  no  differentiated  oosphere. 
The  female  organ  is  known  as  a carpogonium ; it  is  frequently 
multicellular,  and  fertilisation  is  brought  about  through  a fili- 
form or  elongated  cell  known  as  a trichogyne. 
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The  asexual  reproductive  cells  are  frequently  borne  upon 
the  gametopliyte.  They  may  be  ciliated  cells,  differing  but 

Fig.  789. 

h 


Fig  789.  a.  sp.  Newly  formed  zooccenoeytfi  of  Vaucheria  seuilis  escaping, 
n.  The  same  at  rest  after  having  lost  its  cilia,  e.  First  stage  of  ger- 
mination. ix  Filament  of  Vaucheria  sessilis  producing  oogonia,  og,  og, 
and  antheridium,  h.  «■.  Hyaline  root-lilce  process,  forming  a sort  of 
mycelium,  sq.  Zooccenocyte,  which  by  germinating  lias  formed  the 
filament.  After  Sachs. 

little,  if  at  all,  in  appearance  from  1<IG*  rju-  — 8P 

the  gametes.  These  are  lmown  as 
zoogonidia,  from  their  power  of  move- 
ment. In  other  cases  they  are  non- 
motile.  They  are  at  first  always 
naked  cells.  Sometimes  they  are  de- 
veloped in  special  organs,  the  gonid- 
angia ; in  some  forms  any  cell  of 
the  thallus  may  produce  them. 

Where  the  sporophyte  exists  it  gives 
rise  to  spores  similar  in  structure  to 
the  gonidia.  In  many  of  the  green 
Algte  the  zygote  or  fertilised  cell  gives 
rise  to  a number  of  zoospores,  either 
with  or  without  preliminary  cell-divi- 
sion. It  may  in  such  cases  be  re- 
garded as  a very  rudimentary  sporo- 
phyte. 

Vegetative  reproduction  is  very 
common  in  the  lower  forms  ; in  the 
unicellular  Alga*,  each  cell-division  is 
often  followed  by  a separation  of  the  cells,  showing  thus  the 
simplest  example  of  this  mode.  In  Sphacelaria,  gemma*  are 


Fig.  790.  Procarp  of  one  of  the 
Red  Seaweeds,  t r.  Trichogyne. 
>p.  Spermatia.  After  Kny. 
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produced  which  are  multicellular.  Cliara  gives  rise  also  to 
similar  bodies  and  to  peculiar  structures,  the  embryonic 
branches,  which  are  referable  to  this  mode  of  reproduction. 

The  main  sub-divisions  of  the  Algae  are  based  upon  the  colour 
of  the  thallus.  This  distinction  would  be  of  little  value  in  itself, 
hut  the  groups  so  defined  show  peculiarities  of  form  and  of  life 
history  which  warrant  their  being  considered  as  sub-classes. 
The  divisions  are  Cyanophyceae  (blue-green),  Phseophyceae,  and 
Diatomaceae  (olive-brown),  Bhodophyceae  (red),  and  Chloro- 
phyceae  (green). 

Sub-Class  I. — Cyanouhyce.®. 

The  forms  presented  by  the  members  of  this  group  are  very 
simple.  In  many  cases  the  plant  is  unicellular,  or  if  it  divides, 
the  products  of  the  division  remain  surrounded  by  a common 
cell-wall,  which  becomes  mucilaginous  and  of  considerable  thick- 
ness, so  that  the  cells  appear  as  if  embedded  in  a mass  of  jelly. 
The  plane  of  division  may  be  such  as  to  cause  the  cells  to 
form  a flat  plate,  or  a mass  more  than  one  cell  in  thickness 
may  result.  In  other  cases  the  cells  divide  so  as  to  form  a 
filament,  often  of  some  length,  sometimes  tapering  at  its  apex, 
and  either  free  or  attached  at  its  base  to  some  substratum. 
Usually  many  filaments  are  collected  together,  so  that  the 
plant  appears  in  tufts.  This  filamentous  form  is  also  invested 
with  a sheath,  of  similar  consistence  to  that  in  the  former  case. 
The  sheath  is  often  coloured  with  various  tints,  purple,  blueish, 
or  red.  In  some  cases,  such  as  Nostoc,  many  filaments  are  em- 
bedded in  a mass  of  jelly  formed  of  the  thickened  sheaths.  The 
cells  are  not  ciliated,  but  the  filaments  when  free  are  capable 
of  a peculiar  swaying  movement,  the  mechanism  of  which  is  not 
known.  The  cells  are  in  all  cases  of  very  simple  structure ; no 
nucleus  has  been  satisfactorily  shown  to  exist,  and  the  phyco- 
cyanin  or  blue-green  colouring  matter  is  diffused  through  the 
protoplasm  ; no  chromoplastids  have  been  found.  The  cell-wall 
has  been  stated  to  be  formed  of  a substance  resembling  cutin, 
while  the  sheath  is  always  cellulose,  or  a modification  of  it.  The 
reproductive  processes  are  chiefly  vegetative  ; the  filaments  split 
up  into  fragments,  which,  after  a period  of  inactivity,  grow  out 
into  filaments  like  their  parent.  These  fragments,  which  consist 
of  several  cells,  are  called  liormogonia.  In  Nostoc  the  cells  of 
the  filament  are  of  two  kinds  {fig.  791)  ; clear  cells,  almost 
spherical,  named  heterocysts,  occur  among  the  others.  These 
mark  the  limits  of  the  hormogonia. 
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Fig.  791. 


Fig.  791.  Filaments  from  a A'ostoc  colony. 
After  Luerssen. 


The  filament  sometimes  branches,  either  regularly  by  the 
formation  of  growing  points  placed  laterally,  or  often  irregularly 
by  the  liormogonia  not  becoming  completely  detached,  and  so 
growing  while  adhering  to  the  filament. 

In  many  forms  gonidia  are  produced.  These  are  single  cells 
of  the  filament  or  mass,  which  arc  rounded  in  shape,  larger  than 
the  other  cells,  and  fur- 
nished with  a strong 
thickened  cell-wall.  They 
become  detached  from  the 
plant,  and  are  capable  of 
resting  for  some  time  be- 
fore germinating.  In  the 
filamentous  forms,  when 
germination  takes  place, 
the  wall  of  the  gonidium 
cracks  and  cell-divisions 
take  place  in  the  cell  in 
such  order  that  a filament  is  produced  much  resembling  an 
ordinary  hormogonium ; this  becomes  free  from  the  gonidium - 
coating  and  develops  into  the  plant.  In  the  other  forms,  the 
divisions  of  the  germinating  gonidium  are  irregular  and  give  rise 
to  a mass  of  cells.  Sexual  reproduction  is  unknown  in  the  group. 

In  habit,  some  of  the  Cyanophyceae  are  free  floating  orga- 
nisms ; others  are  attached  by  their  bases  to  rocks  or  stones.  Some 
are  held  together  by  their  gelatinous  coatings  to  form  colonies 
of  various  shapes.  Some  are  endophytic  and  live  symbiotically 
with  other  plants.  Nostoc  is  frequently  found  associated  with 
a fungus  in  the  thallus  of  a lichen  ; it  occurs,  too,  in  cavities 
in  the  thallus  of  AzoUa  and  in  the  bodies  of  Anthoceros  and  of 
Gunnera.  Others  again  are  epiphytic,  boring  into  the  tissue  of 
other  Alga  and  remaining  attached  to  them.  A few  of  them, 
chiefly  abundant  in  hot  springs,  are  covered  with  a precipitate 
or  pellicle  of  carbonate  of  calcium,  which  may  wrap  round  the 
individual  filaments,  or  enclose  the  whole  thallus. 


Sub-Class  II. — Diatomaceas. 

These  plants  have  often  been  included  in  the  next  sub-class, 
the  Phseophyeese,  on  account  of  their  olive-brown  colour.  They 
are,  however,  so  unlike  them  in  every  other  respect,  while  they 
present  no  very  great  resemblance  to  any  other  group  of  Algte, 
that  it  seems  best  to  regard  them  as  a separate  sub-class. 
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There  are  both  fresh- water  and  marine  forms,  and  they  are 
extremely  numerous  wherever  they  occur. 

Diatoms  are  unicellular  plants,  of  very  minute  size,  which 
have  their  cell-walls  strongly  impregnated  with  silica,  the  mark- 
ings upon  the  walls  often  being  of  great  regularity  and  beauty. 
The  plants  may  he  free,  or  a number  of  them  may  he  grouped 
together.  In  the  latter  case  the  colony  may  consist  of  a chain  of 
cells,  or  they  may  be  aggregated  together  upon  gelatinous  stalks, 
or  may  form  gelatinous  masses.  Each  diatom  consists  of  a 
protoplasmic  cell  or  frustule  encased  in  two  silicified  shells 
known  as  valves , one  of  which  overlaps  the  other  by  its  edges. 
The  peculiar  sculpturing  is  found  \ipon  the  flattened  face  of  each 
valve.  The  plant  is  not  furnished  with  cilia,  but  is  nevertheless 
capable  of  a peculiar  gliding  movement  through  the  water,  the 
nature  of  which  is  at  present  unexplained.  The  colouring  matter 
is  deposited  in  chromatophores  of  more  or  less  regular  form,  and 
is  not  diffused  through  the  protoplasm  as  in  the  preceding  group. 

The  diatoms  frequently  undergo  longitudinal  fission.;  the  two 
valves  slightly  separate ; the  protoplasm  divides,  and  each  half 
secretes  a new  valve  between  itself  and  its  fellow,  which  has  its 
edges  included  under  the  rim  of  the  old  valve.  The  two  valves 
of  a diatom  are  thus  of  different  ages.  In  the  free  forms  this 
process  of  fission  increases  the  number  of  the  individuals ; in 
those  which  continue  attached  it  recalls  the  processes  of  inter- 
calary growth. 

This  repeated  bi-partition  gradually  reduces  the  size  of  the 
diatoms,  each  new  valve  being  necessarily  a little  smaller  than 
the  one  which  overlaps  it.  When  a certain  limit  of  size  is  reached 
another  method  of  reproduction  occurs,  which  is  in  some  cases  a 
sexual  one.  This  is  the  formation  of  cmxospores.  The  contents 
of  two  diatoms  escape  from  the  valves  in  which  they  are  enclosed, 
and  unite  together,  growing  into  a new  plant  which  secretes  a 
pair  of  valves  like  those  of  the  original  cells.  In  some  cases  the 
process  is  asexual ; the  contents  of  a cell  escape  and  grow  ; when 
a considerable  size  has  been  attained,  new  valves  are  secreted  by 
the  protoplasm  and  the  original  appearance  is  resumed. 

Certain  modifications  of  both  these  methods  occasionally 
occur. 

Sub-Class  III.— Peueophyck.®,  or  Melanophyceae. 

This  sub-class  includes  those  Algae  which  are  of  an  olive- 
brown  or  olive-green  colour,  with  the  exception  of  the  Diato- 
macete.  Its  members  comprise  forms  of  very  great  variety, 
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some  being  microscopic  while  others  have  a plant  body  several 
hundreds  of  feet  in  length  and  of  considerable  thickness.  In 
the  simplest  cases  the  body  is  unicellular,  or  forms  a colony 
resembling  that  of  many  of  the  Cyanophyceae.  The  colony  may 
be  attached  or  not.  In  other  cases  the  plants,  which  vary  a 
good  deal  in  size,  are  attached  to  rocks  by  specially  differentiated 
roots,  or  by  haptera.  Epiphytic  forms  occur,  filamentous 
patches  being  seen  upon  other  Algte  ; these  are  the  free  por- 
tions of  the  epiphyte,  rhizoidal  appendages  having  penetrated 
the  tissues  of  the  host. 

The  brown  colouring  matter,  which  is  a mixture  of  phyco- 
phaeine  and  phycoxanthine,  is  localised  in  definite  plastids  or 
chromatophores,  instead  of  being  diffused  through  the  proto- 
plasm of  the  cells.  The  anatomical  or  histological  differentia- 
tion is  sometimes  considerable,  a great  variety  of  tissues  being 
found  in  the  th alius. 

Asexual  reproductive  cells  are  found  in  some  of  the  members 
of  this  sub-class,  which  may  be  spores  or  gonidia  ; sometimes 
these  are  motile,  sometimes  not.  Some  members  of  the  group 
possess  only  sexual  reproductive  cells. 

The  sexual  organs  are  sometimes  anthericlia,  containing 
antherozouls,  and  oogonia,  producing  oosjpheres.  Fertilisation 
never  takes  place  in  the  oogonia,  the  gametes  of  both  sexes  being 
discharged  into  the  water.  The  antherozoids  are  ciliated,  the 
cilia  being  two  in  number,  attached  at  the  side  of  the  gamete 
and  pointing  one  towards  each  end. 

More  frequently  the  gametes  are  alike,  or  nearly  so,  when  the 
organ  producing  them  is  called  a gametangium.  They  are  then 
always  ciliated. 

The  oogonium  is  alwajs  unicellular  and  produces  one  or 
several  oospheres ; the  antheridium  may  be  unicellular  or 
multicellular.  In  the  latter  case  each  cell  produces  only  a 
single  antherozoid. 

There  is  a good  deal  of  variety  in  the  morphological  differ- 
entiation of  the  group.  Some  show  only  a thallus  ; others 
present  the  appearance  of  root  and  shoot,  and  in  many  the  latter 
is  distinctly  leafy.  In  some,  special  branches  bear  the  reproduc- 
tive organs. 

Alternation  of  generations  can  only  be  traced  in  some  forms 
the  sporophvte  phase  is  generally  absent ; it  is  represented  in 
some  of  the  Cutleriace®,  though  sometimes  the  two  forms  are 
very  similar  in  appearance  and  can  only  be  distinguished  by 
noticing  what  kind  of  reproductive  cells  they  respectively  produce 

is  2 
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The  sub-divisions  of  the  group  are  very  difficult  to  define, 
and  many  schemes  of  classification  have  been  suggested. 

Several  different  types  may  with  advantage  be  considered. 
Of  these  the  Fucace®  are  most  familiar.  The  thallus  is 
generally  of  large  size  and  shows  a copious  branching.  In 
Cystoseira  and  other  genera  the  shoot  can  be  seen  to  be  divided 
into  stem  and  leaves.  Sargassum  exhibits  also  branches  which 
in  external  appearance  only  resemble  fruits.  The  branches  of 
the  thalloid  shoot,  or  the  leaves  of  the  leafy  forms,  often  exhibit 
curious  air-chambers  which  serve  as  floats.  The  plants  are 
often  attached  to  the  substratum  by  suckers,  or  by  haptera. 
The  epiphytic  forms  are  secured  to  their  hosts  by  haustoria, 
which  penetrate  the  tissues  of  the  latter. 

The  thallus  generally  shows  histological  differentiation. 
There  is  an  external  rind  of  closely  packed  cells,  in  which  the 
colouring  matter  is  abundant.  This  constitutes  a pseudo- 
epidermis.  The  innermost  layer  of  this  tissue  is  capable  of 
increasing  the  thickness  of  the  shoot  by  repeated  tangential 
divisions,  forming  in  some  cases  almost  a rudimentary  bark. 
Beneath  this  layer  is  some  thick-walled  parenchyma ; and  this 
covers  in  turn  a central  strand,  often  of  considerable  dimensions. 
The  cells  of  this  strand  are  elongated  and  narrow,  and  have 
their  longitudinal  walls  pitted.  They  do  not,  however,  become 
woody,  but  their  walls  are  usually  mucilaginous  and  much 
swollen. 

Growth  in  length  is  carried  out  by  means  of  an  apical  cell, 
which  is  placed  at  the  bottom  of  a pit  or  depression  at  the  apex 
(fig.  792).  The  branching  may  be  lateral  or  dichotomous. 

The  reproductive  organs  arc  variously  situated,  but  always 
occur  in  peculiar  depressions  of  the  surface  known  as  con- 
ceptaclex  (fig.  793,  t).  These  are  nearly  globular  cavities  in  the 
thallus  which  open  to  the  surface  by  small  pores  or  apertuies 
known  as  ostioles.  They  are  developed  near  the  growing  point. 
One  or  more  cells  cease  to  grow,  and  by  the  continued  met  ease 
in  size  and  number  of  those  adjoining  them  a pit  is  formed 
which  becomes  ultimately  the  cavity  of  the  conceptacle.  The 
distribution  of  the  sexual  organs  in  the  conccptacles  varies  in 
different  species.  In  some,  antheridia  or  oogonia  aiise  in  each, 
in  others  the  same  conceptacle  may  contain  both. 

The  cells  at  the  bottom  of  the  conceptacle  grow  out  into  hairs, 
from  some  of  which  the  sexual  organs  arise.  The  antheridia 
are  formed  in  great  numbers  as  the  terminal  cells  of  branches 
of  these  hairs  (fig.  795).  Each  produces  a number  of  bi-ciliated 
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antherozoids,  which  are  sometimes  discharged  into  the  con- 
ceptacle  and  make  their  way  out  through  the  ostiole.  In 
other  cases  the  antheridia  are  detached  unruptured  and  escape 
from  the  coneeptacle,  the  antherozoids  being  subsequently 
liberated. 

The  oogonia  arise  from  two-celled  hairs,  of  which  the  upper 
cell  alone  gives  rise  to  the  sexual  organ,  the  lower  one  forming 
a stalk  to  it  (fig.  794).  Each  oogonium  develops  usually  eight 
oospheres,  of  generally  spherical  shape  and  having  no  cilia.  The 
wall  of  the  oogonium  is  composed  of  two  layers,  and  when  the 
oospheres  are  mature  the  outer  layer  bursts  (fig.  796),  and  the 
Fio.  792.  Fig.  793. 


Fig.  792.  Growing  point  of  Pelvetia.  a.  Apical  cell.  After  Kny. Fig. 

793.  Tliallus  or  thallome  of  the  common  Bladder  Seaweed  (Fucus  vesi- 
culosus).  I,  l.  Groups  of  conceptacles.  v,  v.  Bladders  containing  air. 

inner  one,  covering  the  oospheres,  is  extruded.  When  this  hursts 
later  the  latter  are  set  free  into  the  water.  Fertilisation  usually 
takes  place  outside  the  coneeptacle,  each  oosphere  becoming 
surrounded  by  a number  of  the  ciliated  antherozoids  (fig.  797), 
one  of  which  ultimately  fuses  with  it,  forming  an  oospore  or 
zygote,  which  then  secretes  for  itself  a cellulose  covering.  The 
zygote  generally  germinates  at  once. 

Besides  the  sexual  organs  the  conceptacles  contain  a number 
of  barren  hairs  or  paraphyses  (fig.  794),  which  frequently  are  so 
numerous  towards  the  top  of  the  cavity  as  to  protrude  through 
the  ostiole. 
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Certain  conceptacles  in  some  of  the  Fucace®  do  not  give  rise 
to  sexual  organs.  These  are  generally  known  as  crypto  stomata. 


Fig.  794. 


Fir. 


Fit/.  794.  Vertical  section  of  a female  conceptacle  of  Fitcus  vesiculosus  con- 
taining oogonia  anil  parapliyses.  After  Thuret. Fig.  795.  Antheridia, 

«,  «,  on  the  branched  hairs  of  the  male  conceptacle.  After  Thuret. 

Fig.  790.  Oogonium  with  the  oospheres  fully  separated,  and  disengaging 

themselves  from  their  coverin'gs.  After  Thuret. Fig.  797.  Anoospbere 

without  a cellulose  coat  surrounded  by  antherozoiils. 


These  cavities  contain  only  parapliyses,  which  are  of  greater 
length  than  those  in  the  fertile  conceptacles. 

The  1 1 a m i n a r i A c e m afford  examples  of  the  largest  Algse  of  the 


THALLOPHYTA— ALG^E 


55 


Phseophyceee  ; they  show  a good  deal  of  variety  of  form,  including 
long  unbranched  fronds  terminating  below  in  a thick  stalk,  as 
well  as  stems  which  bear  a series  of  much  and  variously  divided 
leaves.  In  some  the  stalk  is  so  short  and  covered  by  rootlets, 
while  the  fronds  are  so  long,  that  a single  plant  appears  like  a 
group  of  the  unbranched  forms.  On  the  stalk,  in  some  cases, 
gonidiophylls  are  developed  in  addition  to  the  ordinary  fronds, 
their  development  being  acropetal.  In  some  of  the  fronds 
midribs  and  subordinate  veins  occur,  giving  them  a very  leaf- 
like  appearance.  A few  forms  possess  air-floats,  something  like 
those  of  the  Fucacese.  The  stem  or  stalk  terminates  below  in 
strong  rootlets  or  haptera,  which  fasten  the  plant  to^  substratum 
of  rock  or  stone. 

The  thallus  shows  still  more  complete  histological  differentia- 
tion than  that  of  the  Fucaceae.  The  stalk  contains  epidermal 
cortical,  and  medullary  tissue.  The  epidermal  layer  often  be- 
comes merismatic,  though  in  many  species  the  meristem  is  found 
in  the  peripheral  part  of  the  cortex.  This  merismatic  layer  is 
often  very  active  and  causes  the  stalk  to  become  of  consider- 
able thickness.  Like  most  merismatic  layers,  it  forms  new 
tissue  on  both  its  faces.  The  inner  portion  of  the  cortex 
in  the  stalk  consists  of  a layer  or  cylinder  of  elongated  cells 
whose  walls  are  generally  pitted.  In  Macrocystis  it  contains 
the  peculiar  sieve -tubes  of  which  mention  has  already  been 
made. 

The  central  strand  is  something  like  that  of  the  larger 
Fucacese,  consisting  of  hypha-like  filaments  which  anastomose 
copiously.  This  layer  is  continued  upwards  into  the  fronds. 

The  mucus  passages  already  alluded  to  are  only  found  in 
some  of  the  Laminariacese.  They  are  long  tubes  which  branch 
and  anastomose,  forming  a network  in  the  tissue. 

The  growing  point  is  sometimes  apical,  sometimes  inter- 
calary. 

The  reproductive  organs  are  not  produced  in  conceptacles 
but  in  sori,  variously  distributed  over  the  fronds,  but  sometimes 
confined  to  definite  gonidiophylls.  Each  sorus  consists  of  a 
number  of  unilocular  gonidangia,  among  which  are  found 
paraphyses.  The  gonidangia  give  rise  to  ciliated  zoogonidia  or 
zoospores.  Some  of  the  genera  possess  cryptostomata,  which 
bear  paraphyses  as  in  the  Fucaceae. 

The  genus  Splachnicliuni  appears  to  occupy  an  intermediate 
position  between  Fucaceae  and  Laminariacese.  It  is  peculiar  in 
that  it  bears  gonidangia  resembling  those  of  the  latter  group, 
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which  are  developed,  not  in  sori,  but  in  conceptacles  much  like 
those  of  Fucus. 

The  CutleriacEj®  have  a special  interest  as  illustrating  the 
evolution  of  sex  in  the  Plieeophycese.  They  possess  two  kinds  of 
gametes  which  are  both  ciliated,  the  female,  generally  called 
an  oosphere,  being  much  larger  than  the  male.  The  organs  in 
which  they  arise  are  situated  in  sori  on  the  surface  of  the 
thallus,  and  the  gametes  are  set  free  by  a lateral  aperture  in  the 
wall.  When  they  are  liberated  both  kinds  are  freely  motile  ; 
the  female  comes  soonest  to  rest,  and  is  fertilised  by  the  fusion 
of  an  antherozoid  with  it. 

The  thallus  is  sometimes  erect  and  sometimes  prostrate.  I 
grows  by  means  of  a cluster  of  hairs,  the  bases  of  which  ar6 
merismatic.  The  rows  of  cells  produced  from  each  hair  become 
united  together  laterally  to  form  the  tissue  of  the  thallus. 

The  differentiation  of  the  internal  tissue  is  not  so  complete 
as  in  the  other  groups  described.  In  Cutleria  itself  three  sys- 
tems can  be  seen ; the  epidermal  layer,  which  contains  chromo- 
plastids  in  abundance,  a cortical  layor  of  clearer  cells  in 
which  a little  colouring  matter  is  present,  and  an  axial  layor  of 
larger  cells,  almost  colourless.  All  the  cells  are  parenchymatous, 
the  pseudo-vessels  of  the  former  groups  not  being  represented. 

Asexual  reproductive  structures  are  met  with  in  the  Cut- 
leriace®,  which  take  the  form  of  unilocular  sporangia,  each  con- 
taining several  zoospores.  These  resemble  the  gametes  in 
being  ciliated,  but  they  are  intermediate  in  size  between  the 
untherozoids  and  the  oospheres.  In  the  genus  Cutleria  they 
are  borne  upon  the  young  plant  produced  from  the  germinating 
zygote.  The  form  of  this  sporophyte  differs  considerably  from 
that  of  the  thallus  which  bears  the  sexual  cells.  There  is  thus 
in  Cutleria  an  alternation  of  generations.  In  the  other  genus  of 
the  group,  Zanardinia,  the  two  forms  are  essentially  similar. 

The  sexual  organs  are  placed  in  sori,  and  originate  in  hair- 
like outgrowths  of  the  thallus.  The  hairs  bearing  antheridia 
are  often  much  branched,  as  in  the  case  of  Fucus.  The  sori 
contain  paraphyses  as  well  as  sexual  organs. 

The  Dictyotack.'E  form  a group  somewhat  resembling  the 
Cutleriacere.  The  thallus  is  very  varied  in  form,  but  is  generally 
flattened.  The  branching  is  dichotomous,  and  usually  arises  from 
a longitudinal  division  of  a small -celled  apical  meristem.  A single 
apical  cell  is  only  known  in  the  genus  Dictyota.  There  is  not 
much  differentiation  of  internal  tissue,  an  epidermis  being,  how- 
ever, well  marked  off  from  a colourless  internal  mass.  The 
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sexual  organs  are  antheridia  and  oogonia,  and  are  grouped  together 
in  sori.  The  asexual  ones  are  gonidangia,  which  occur  in  clusters 
or  scattered  over  the  surface  of  the  thallus.  The  gonidia  are  non- 
ciliated  and  motionless.  In  some  forms  the  reproductive  cell, 
whether  sexual  or  asexual,  gives  rise  to  a plant  like  the  parent  ; in 
others  a kind  of  filamentous  body  is  developed,  recalling  the  pro- 
tonema  of  the  Bryophyta,  to  be  described  later.  The  adult  plant 
arises  as  an  outgrowth  from  some  of  the  cells  of  this  filament. 

The  gonidia  are  often  produced  in  groups  of  four  in  the  gonid- 
angia. In  this  point  the  Dictyotaceee  approach  the  group  of  the 
Bhodophyceae. 

The  Syngenetic/U  form  a group  which  is  in  marked  con- 
trast with  the  rest  of  the  Phseophycese.  They  are  unicellular 
organisms,  and  resemble  the  Cyanophyeese  in  forming  colonies 
in  consequence  of  the  cells  not  separating  after  division,  but 
remaining  surrounded  by  their  diffluent  mucilaginous  cell-walls. 
They  have  no  sexual  reproduction,  but  bear  asexual  gonidia, 
which  are  ciliated. 

Sub-Class  IY. — Rhodophyce,®. 

This  sub-class  includes  a large  number  of  forms,  nearly  all  of 
which  are  marine.  They  are  found  growing  mixed  with  olive- 
green  or  brown  forms  at  low-water  mark  and  a little  beyond, 
and  in  deeper  water  they  occur  almost  alone.  The  fresh-water 
forms  are  few  and  belong  only  to  two  or  three  families.  Some 
marine  forms  are  parasitic  on  other  red  Algae ; others  are 
epiphytic.  Some  members  of  this  family  have  the  thallus 
encrusted  or  impregnated  with  carbonate  of  lime,  forming 
structures  which  superficially  resemble  the  animal  corals. 

The  morphological  differentiation  of  the  group  is  greatly  in 
excess  of  their  anatomical  complexity.  They  are  all  multi- 
cellular, and  generally  form  a much-branched  thallus,  which 
may  be  flattened  and  spreading,  or  may  be  filamentous.  The 
segments  of  the  shoot  may  in  many  cases  be  called  leaves,  and 
a root  can  usually  be  found. 

The  histological  differentiation  is  much  slighter  than  in  the 
last  group.  The  filamentous  forms  sometimes  show  nothing  more 
than  a single  row  of  cells  ; sometimes  there  are  several  such 
rows,  which  may  be  covered  by  a kind  of  cortex  composed  of 
small  cells.  In  these  cases  the  rows  of  the  filaments  do  not 
form  a true  tissue,  but  are  bound  together  by  a kind  of  inter- 
cellular substance,  or  arc  surrounded  by  a common  gelatinous 
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coating.  Each  row  of  cells  grows  by  division  of  the  terminal 
one,  which  is  sometimes  much  larger  than  the  others.  There 
is  no  intercalary  growth  of  the  filament  by  division  of  any  of 
the  other  cells,  though  lateral  branches  may  arise  from  them. 
The  successive  cells  of  the  row  or  rows  constituting  the  thallus 
communicate  with  each  other  by  a kind  of  rudimentary  sieve- 
plate  (fig.  (98),  though  they  can  hardly  be  described  as  sieve- 
tubes. 


Fig.  798. 


Fig.  799. 


/■'iij.  7!)H,  Semi-diagrammatic  longitudinal 
section  of  an  old  and  stout  portion  of 
Ceramium  rubrum,  showing  continuity 
between  the  protoplasmic  contents  of 
the  axial  nr  central  cells,  a,  a,  at  their  ends : and  laterally  with  the  cortical 
cells,  />,  by  protoplasmic  threads,  and  also  that  of  the  cortical  cells  inter  se 
by  threads  radiating  from  the  central  mass  in  each  cell.  (After  T.  Hick.) 

— Fig.  799.  Proenrpium  of  one  of  the! ted  Seaweeds,  tr.  Trichogync.  sp. 
Spermatid,  pr.  Oarpogoniutn.  The  branch  to  the  left  bears  a cluster  of 
antheridia.  (After  Kny.) 


The  flattened  forms  usually  grow  at  their  margins,  new  cells 
arising  from  divisions  in  certain  cells  in  definite  positions 
there.  The  characteristic  colouring  matter  is  red,  and  is  found 
in  chromatophores  in  the  cells.  As  in  the  last  group,  chloro- 
phyll is  present  in  addition  to  the  phycoerytlirine. 

The  group  is  characterised  by  great  peculiarity  in  its  methods 
of  reproduction,  which  are  both  sexual  and  asexual. 

The  gametophyte  bears  sexual  organs  and  gonidia,  the  latter 
sometimes  occurring  only  in  special  forms.  There  is  a sporophyte 
developed  after  fertilisation  of  the  contents  of  the  female 
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organ,  but  this  is  always  a very  small  structure,  incapable  of 
great  development,  and  almost  at  once  producing  its  spores. 

The  sexual  organs  are  antheridia  and  carpogonia  or  pro- 
earpia.  The  antheridia  are  borne  generally  in  clusters,  which 
are  often  situated  at  the  end  of  a filament  {fig.  799),  but 
which  may  be  collected  into  various  groups  upon  the  surface 
when  the  thallus  is  flattened.  Sometimes  they  are  found  in 
pits  or  depressions  of  the  surface,  something  like  the  conceptacles 
of  Fucus.  Each  antheridium  produces  externally  a number 
of  special  cells  in  which  the  male  gametes  are  produced  singly. 
The  gamete  is  a mass  of  protoplasm,  which  at  first  in  most  cases 
has  no  cell-wall,  but  which  secretes  one  after  its  liberation 
from  the  mother-cell,  usually  just  before  it  reaches  the  female 
organ.  The  term  applied  to  the  male  gamete  is  pollinoid  or 
spermativm ; it  differs  from  the  antherozoids  of  the  former 
group  in  not  possessing  cilia.  The  pollinoids  are  discharged 
from  the  antheridial  cells  by  the  latter  opening  at  their  apices. 

Some  botanists  hold  that  the  structure  described  above  as 
an  antheridium  is  really  a cluster  of  them,  and  that  the  true 
antheridium  is  the  special  cell  alluded  to.  On  this  hypothesis 
the  antheridia  are  numerous  and  unicellular,  and  give  rise  each 
to  a single  pollinoid. 

The  female  organ,  or  carpogonium,  is  peculiar  in  that  it 
never  produces  an  oosphere,  but  its  contents  remain  undifferen- 
tiated. It  is  usually  a cell  with  a somewhat  swollen  base  and  a 
long  narrow  pointed  apex.  The  latter  is  called  the  trichogyne 
(fig.  799,  tr),  and  is  the  part  which  is  concerned  in  the  act  of  fertili- 
sation. The  carpogonium  proper  is  often  the  terminal  cell  of  a 
short  branch  consisting  of  three  or  four  modified  cells  which  are 
sometimes  sunk  in  the  thallus.  When  the  carpogonium  is  mature 
a pollinoid  comes  into  contact  with  the  trichogyne,  which  always 
projects  above  the  surface  of  the  thallus,  even  if  the  whole 
carpogonial  branch  is  not  exposed.  The  wall  of  the  pollinoid  and 
that  of  the  trichogyne  become  absorbed  at  the  point  of  contact, 
and  the  contents  of  the  former  pass  into  the  cavity  of  the  latter. 
The  further  stages  of  the  process  have  not  been  observed,  but 
as  there  is  no  differentiated  oosphere  it  is  probable  that  the 
nucleus  of  the  pollinoid  fuses  with  that  of  the  carpogonial  cell. 
The  trichogyne  becomes  cut  off  from  the  rest  of  the  carpogonium 
and  withers  away. 

Fertilisation  having  been  thus  accomplished,  the  further  deve- 
lopment of  the  structure  varies  very  greatly  in  different  groups, 
leading  in  all  ultimately  to  the  production  of  a fruit-like  structure 
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which  is  known  as  a cystocarp,  and  which  may  probably  be 
regarded  as  the  sporophyte  phase  of  the  plant.  It  consists  essen- 
tially of  a cluster  of  carposporangia,  variously  arranged  and  often 
enclosed  in  a definite  encasement  of  filaments  or  cells.  There 
are  five  different  types  of  formation.  The  first  is  seen  in  the 
NemalionacEjE  ; here  from  the  fertilised  carpogonium  filaments 
known  as  gonimoblasts  grow  out,  often  in  dense  clusters.  The 
terminal  cells  of  the  filaments  are  the  carposporangia,  and  each 
produces  internally  a single  carpospore.  The  whole  group 
constitutes  the  cystocarp  (fig.  800),  which  is  consequently  not 

enclosed  in  any  specially  dif- 
ferentiated case.  Sometimes 
the  gonimoblasts  arise  from 
the  upper  part  of  the  carpo- 
gonium, sometimes  from  its 
side.  In  some  of  the  families 
the  cystocarp  is  immersed 
in  the  tissue  of  thc.thallus. 
In  the  Gelideas  the  cells 
of  the  gonimoblast  become 
united  here  and  there  to  cer- 
tain cells  of  the  thallus,  from 
which  it  absorbs  nourishment. 

The  second  type  is  fur- 
nished by  the  GigartinacejE  ; 
in  this,  besides  the  branches 
which  carry  the  carpogonia, 
other  special  cells  are  pro- 
duced on  the  thallus  near 
them,  generally  in  pairs.  These  cells  are  known  as  auxiliary 
calls.  When  the  carpogonium  has  been  fertilised  it  does  not  give 
rise  at  once  to  gonimoblasts,  but  puts  out  a short  protuberance 
known  as  an  ooblastema  filament.  This  makes  its  way  to  an 
auxiliary  cell,  and  the  contents  of  the  two  fuse.  The  gonimo- 
blasts arise  from  the  resulting  cell  and  branch  in  the  interior 
of  the  thallus,  the  cystocarp  being  thus  embedded  in  its  sub- 
stance. The  fruit  thus  arises  from  the  auxiliary  cell  rather  than 
immediately  from  the  carpogonium  as  in  the  Nemalionacese. 

The  third  typo,  characteristic  of  the  Rhodomeniace®,  is  still 
more  complex.  The  formation  of  the  cystocarp  is  indirect  as  in 
the  last  case,  the  carpogonium  conjugating  with  an  auxiliary  cell. 
A complex  procarpium  is  formed,  consisting  of  carpogonial 
branches  and  certain  cells  which  ultimately  give  rise  to  the 
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Fig.  SOU.  1.  Cystocarp  of  Nemalion. 
a.  Carposporangia. 

2.  Cystocarp  of  Lejolisia.  b.  Carpo- 
sporangia.  c.  Wall  of  cystocarp.  </. 
Carpospore  escaping.  After  Kny. 
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auxiliary  cells.  The  latter  are  not  developed  till  after  the  fer- 
tilisation of  the  carpogonium.  When  they  are  complete,  conju- 
gation takes  place  between  an  ooblastema  filament  from  the 
carpogonium  and  either  the  auxiliary  cell  or  a process  growing 
out  from  it.  In  some  cases  the  carpogonial  and  auxiliary  cells 
coalesce  without  the  intervention  of  either  outgrowth.  After  the 
process  of  conjugation  is  accomplished,  gonimoblasts  grow  out 
from  the  resulting  cell  and  form  a much-branched  collection  of 
filaments  which  generally  protrude  from  the  thallus.  Each 
gives  rise  to  a number  of  carposporangia.  The  thallus  tissue 
sends  out  filaments  which  coalesce  round  the  cystocarp,  forming 
a protecting  cell  or  case  {fin-  BOO,  Lejolisia).  In  some  cases 
where  the  cystocarp  is  formed  upon  a slender  leaf-like  branch 
of  the  thallus  the  filaments  proceed  from  near  the  cell  which 
bears  the  carpogonial  branch,  and  curling  over  the  latter  cover 
it  in.  The  wall  generally  begins  to  be  formed  as  soon  as  the 
carpogonium  is  fertilised.  In  some  cases  no  protective  coating 
is  formed. 

The  most  complicated  type  is  met  with  in  the  Cryptonemiace®. 
The  fertilised  carpogonium  sends  out  a very  long  ooblastema 
filament  which  branches  copiously,  and  consists  of  several  cells. 
There  are  many  auxiliary  cells  formed  upon  separate  branches, 
and  one  ooblastema  filament  communicates  with  several  of  them, 
fertilising  several  in  succession.  From  each  of  these  gonimoblasts 
proceed  ; and  these  branch  repeatedly,  the  cells  of  the  branches 
forming  carposporangia,  each  containing  a single  carpospore. 
The  gonimoblasts  ramify  in  the  substance  of  the  thallus,  so 
that  the  fructification  is  internal,  and  surrounded  by  thallus 
tissue. 

The  Coralline.®  form  a very  special  family  of  this  group. 
Their  thallus,  which  varies  very  much  in  form,  is  encrusted  or 
impregnated  with  carbonate  of  lime,  the  coating  covering  every 
part  except  the  reproductive  organs.  They  bear  curious  cysto- 
carps,  which  are  really  compound,  and  resemble  the  conceptacles 
of  Fucus.  In  the  hollow  of  the  conceptacle,  which  opens 
apically,  several  carpogonia  occur,  each  with  its  trichogyne. 
Other  filaments  only  produce  auxiliary  cells.  After  a carpo- 
gonium has  been  fertilised  it  fuses  with  many  of  the  auxiliary 
cells  by  means  of  a single  ooblastema  filament,  and  a single 
large  cell  is  formed.  The  gonimoblasts,  each  of  which  bears 
a chain  of  carposporangia,  arise  in  some  numbers  from  the 
periphery  of  this  cell.  The  cystocarp  is  surrounded  by  tho  wall 
of  the  conceptacle. 
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In  the  last  type,  that  of  the  Bangiack/E,  the  formation  is  simple 
and  direct,  as  in  the  Nemalionacese.  The  carpogonial  cells  are 
very  little  specialised,  and  only  differ  from  the  ordinary  cells  of 
the  thallns  by  being  a little  larger.  They  grow  outwards  and 
give  rise  to  a very  rudimentary  trichogyne,  which  becomes  fused 
with  a pollinoid  as  in  the  other  groups.  The  fertilised  car- 
pogonium  does  not  put  out  a gonimoblast,  but  either  becomes 
at  once  a carposporangium,  or  divides  into  a number  of  cells, 
each  of  which  may  be  regarded  as  one.  The  cystocarp  consists 
merely  of  the  cluster  of  sporangia,  no  wall  being  formed. 

The  asexual  cells  of  the  gametopliyte  are  usually  produced 
in  groups  of  four  in  a gonidangium.'  They  are  variously 


kind  of  alternation  of  generations  has  already  been  alluded  to  as 
homologous  alternation. 

The  gonidia  differ  from  the  carpospores  in  not  being  clothed 
with  a cell-wall  on  their  liberation.  From  their  occurrence  in 
groups  of  four  they  are  usually  termed  tetraspores,  or  tetra- 
gonidia. 


In  many  respects  this  group  may  be  considered  to  approach 
most  nearly  the  next  great  division  of  plants,  the  Bryopliyta, 
as  in  the  higher  forms  the  oosphere  is  fertilised  in  the  oogonium 
and  not  after  extrusion  from  the  plant.  Though  as  a rule  both 
anatomical  and  morphological  differentiation  are  but  slight,  the 
peculiarities  of  sexual  reproduction  are  thus  more  like  those  in 


arranged  (Jig . 801),  sometimes 
being  formed  in  tetrads,  some- 
times in  rows,  and  sometimes 
being  quadrants  of  a sphere. 
They  may  occur  within  the 
cortical  region  of  the  thallus, 
or  may  bo  produced  upon 
special  hair-like  outgrowths. 


The  gametophyte  in  which  ' 


Fig.  801.  Tetraspores  of  Rhodophyccro. 
1.  I’locamium.  2.  Dtidresnaya.  8.  Le- 
jolisia.  (2  aiul  3 after  lvny.) 


they  occur  is  very  frequently 
a potential  one,  and  when  they 
germinate  each  gives  rise  to 
another  potential  individual. 
There  is  thus  a succession  of 
potential  gametophytes,  before 
an  individual  appears  which 
bears  sexual  organs.  This 
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the  higher  plants  than  are  those  of  any  of  the  other  groups  of 
Alg*. 

The  plants  of  this  sub-class  are,  with  few  exceptions,  very 
simple  in  the  structure  of  their  vegetative  body.  Like  those  of 
the  last  group,  the  predominant  form  is  the  gametophyte,  the 
sporophyte  being  quite  rudimentary,  and  consisting  either  of  the 
fertilised  female  gamete,  or  of  a small  body  resulting  from  a few 
divisions  of  the  latter.  They  show  several  types  of  structure. 
Many  are  unicellular,  and,  in  that  case,  of  microscopic  dimensions. 
Others  form  filaments,  each  made  up  of  a single  row  of  pre- 
cisely similar  cells,  all  of  which  are  physiologically  alike.  A 
third  type  is  seen  in  flat  plates  of  cells,  only  a single  cell  in 
thickness ; these  may  be  very  large  and  leaf-like,  or  they  may 
form  a very  small  group,  microscopic  in  size.  A group  of  this 
kind,  in  which  the  cells  show  no  differentiation,  or  at  most  a 
difference  between  the  ordinary  cells  of  the  thallus  and  the 
reproductive  cells,  is  called  a coenobium  or  colony.  Sometimes 
the  coenobium  is  spherical,  and  its  cells  are  all  furnished  with 
cilia,  giving  it  powers  of  locomotion.  In  a fourth  type  the  thallus 
is  coenocytic— that  is,  there  are  no  internal  cell-walls  formed 
between  the  constituent  cells,  so  that  the  whole  plant  appears 
like  a single  large  cell  with  many  nuclei  embedded  in  its  pro- 
toplasm. The  ccenocyte  may  be  a filament,  or  a somewhat 
globular  body  with  a branched  base  (fig.  803),  or  a branched 
structure,  showing  differentiation  into  stem  and  leaf  and  root. 
In  some  cases  of  coenocytic  structure  the  body  is  divided  by 
transverse  walls  in  several  places,  so  that  it  may  be  regarded  as 
composed  of  a number  of  coenocytes.  Lastly,  the  body  may 
be  cellular  and  differentiated  into  root  and  shoot,  the  latter 
bearing  branches  and  leaves. 

In  habit  the  Chloropbyceae  vary  but  little.  They  are  found 
in  both  salt  and  fresh  water.  Most  forms  are  free ; some  are 
attached  to  a substratum.  A few  are  endophytic,  inhabiting 
cavities  in  other  plants  much  as  Nostoc  does.  They  present 
hardly  any  histological  differentiation,  with  the  exception  of  the 
Charace®,  where  the  stem  sometimes  shows  a rather  complex 
structure,  and  curious  reproductive  bodies  are  produced. 

The  gametophyte  may  produce  both  asexual  and  sexual  cells, 
and  may  propagate  itself  vegetatively  by  simple  division  or  by 
the  production  of  gemnne.  rlhe  sexual  organs  are  in  some  cases 
very  simple,  any  cell  of  a filament  having  the  power  to  produce 
a number  of  bi-ciliated  gametes,  which  are  liberated  by  rupture 
of  the  cell-wall.  These,  alter  a period  ot  activity,  conjugate  in 
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pairs,  tlie  conjugating  cells  generally  originating  from  two 
different  cells  or  even  two  different  filaments.  The  differentia- 
tion of  sexuality  in  some  of  these  is  very  slight,  for  if  they  fail 
to  conjugate  they  can  still  germinate  as  if  asexual  cells.  In 
another  group,  while  apparently  any  cell  of  the  filament  can 
become  a gametangium,  the  contents  are  not  differentiated  into 
ciliated  free-swimming  bodies,  but  the  whole  of  the  proto- 
plasm undergoes  a kind  of  rejuvenescence  and  forms  a single 
gamete.  In  other  forms  definite  antheridia  and  oogonia  are 
produced,  which  furnish  antherozoids  and  oospheres  respec- 
tively. In  each  oogonium,  as  a rule,  only  a single  oospherc 
is  produced,  and  this  is  fertilised  in  situ  by  the  entry  of  an 

antherozoid  into  the 
oogonium  (fig.  804). 
This  marks  a striking 
advance  upon  the  sex- 
ual process  in  the 
Phseophyceee,.  where 
the  oospheres  are  set 
free  and  fertilised  out- 
side in  the  water.  It 
approaches  to  the  con- 
dition in  the  next 
group,  where  more 
elaborate  provision  is 
made  to  bring  the 
sexual  colls  together. 
In  the  cases  of  conjugation  of  the  solitary  gametes  in  a gamet- 
angiuin,  the  fusion  of  the  cells  always  occurs  within  one  of 
the  cells  or  an  outgrowth  from  it,  the  gametes  never  being  set 
free. 

In  the  latter  case  parthenogenesis  sometimes  occurs,  a gamete 
developing  into  a new  filament  without  any  process  of  conjuga- 
tion. Such  gametes  are  called  azyyosporcs. 

In  one  exceptional  case,  Sx>tucroplea,  several  oospheres  are 
formed  in  the  oogonium,  which  is  not  a specially  differentiated 
cell.  Here,  too,  fertilisation  takes  place  internally,  antherozoids 
finding  their  way  into  the  cell  by  an  opening  in  the  wall. 

Asexual  cells  arc  produced  by  most,  but  not  by  all  the  mem- 
bers of  this  group.  They  are  generally  free-swimming  cells, 
or  in  some  cases  ccenocytes,  either  ciliated  all  over  their  surface, 
or  having  a pah’  of  cilia  at  one  end,  which  is  usually  pointed, 
giving  them  a pear-shaped  appearance.  They  are  not  produced 
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Fig.  so2.  Part  of  a filament  of  UlothrUc  from  which 
the  gametes,  <j,  arc  escaping.  </'.  Free  gamete. 
g\  <7:‘.  Gametes  conjugating. 
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in  specially  differentiated  gonidangia;  apparently  any  cell  of  the 
thallus  can  give  rise  to  them. 

The  sub-class  has  been  very  variously  subdivided,  and  at 
present  it  is  difficult  to  give  a very  detailed  classification. 
Several  types  of  structure  may  be  briefly  described. 

Protococcace.*. — These  are  the  simplest  of  the  sub-class ; 
the  plants  consist  of  single  cells  or  of  colonies  of  cells  united 
by  a common  mucilaginous  cell-wall.  They  multiply  by  cell- 
division,  or  by  formation  of  zoospores,  or  by  the  conjugation 
of  two  free-swimming  gametes.  In  the  latter  case  the  zygote 
represents  the  sporoplryte  and  gives  rise  to  two  zoospores  on 
germination. 

YoLVOCCACEiE.— Of  these  the  most 
remarkable  plant  is  Volvox  itself.  It 
consists  of  a hollow  sphere  formed  of  a 
single  layer  of  cells,  each  of  which  is 
furnished  with  a pair  of  cilia.  By 
i he  movement  of  these  the  plant 
rotates  rapidly  and  makes  its  way 
through  the  water.  Some  of  the  cells 
of  the  sphere  produce  a number  of 
orange-coloured  ciliated  antherozoids ; 
others  represent  oogonia,  and  each 
gives  rise  to  a single  oosphere.  The 
latter  is  fertilised  in  situ  and  divides 
into  a number  of  cells,  which  become 
arranged  into  a hollow  sphere  like 
the  parent.  Certain  other  cells  of  the 
colony,  which  may  be  taken  to  represent  gonidia,  can  divide 
similarly  in  situ,  and  produce  within  their  cell-wall  a miniature 
Volvox.  Several  of  these  may  often  be  seen  in  the  interior  of 
the  hollow  sphere  of  the  parent,  into  which  they  are  discharged 
from  the  gonidangial  cell.  They  only  escape  on  the  death  of 
the  parent.  Other  genera  of  this  group  are  Pandorina  and 
Eudorina ; the  ccenobium  of  the  former  is  a solid  sphere,  that 
of  the  latter  a hollow  one.  Pandorina  reproduces  itself  bv 
gametes  which  are  alike,  Eudorina  by  antherozoids  and 
oospheres.  The  zygote  of  Pandorina  represents  the  sporophyte 
and  produces  zoospores.  That  of  Eudorina  is  like  that  of 
Volvox.  Other  genera  produce  colonies  or  ccenobia  which  are 
flattened  instead  of  spherical. 

Siphone/e. — These  are  the  most  remarkable  forms  of  the 
group,  the  thallus  consisting  of  a single  coenocyte,  often  of  very 
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Fig.  803.  Coenocyte  of  Bo- 
trydium  granulalum. 
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large  dimensions,  or  of  a number  of  coenocytes  attached  to  each 
other,  forming  a filament.  The  largest  members  of  this  family 
belong  to  the  genus  Ccmlerpa,  which  in  many  cases  simulates 
the  different  types  of  habit  exhibited  by  terrestrial  plants.  The 
stem  and  leaves  are  nearly  always  well  represented,  and  the  root 
system  is  clearly  differentiated.  The  internal  cavity  of  the 
ccenocyte  is  crossed  by  interlacing  strands  or  trabeculae  formed 
of  a modification  of  cellulose,  and  springing  from  the  outer  wall 
of  the  structure.  A form  of  much  humbler  type,  but  more 
familiar  to  us  from  its  occurrence  in  fresh-water  and  in  muddy 
places,  is  Vauchcria  ('fig.  804).  The  plants  are  filamentous 
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FUj.  no-),  a.  up.  Newly  formed  zooemnocyte  or  zoogonidium  of  Vauchcria 
seisillt  escaping,  li.  Tlie  same  at  rest  after  having  lost  its  cilia,  c.  First 
stage  of  germination.  ]>.  Filament  of  Vauchcria  sessilU  producing  oogonia. 
off,  off,  and  antlieridium,  h.  w.  Hyaline  root-lilce  process,  forming  a sort 
of  mycelium.  .«/.  Zooccenocyte,  which  by  germinating  has  formed  the 
filament.  After  Sachs. 


coenocytes,  which  branch  irregularly  or  dichotomously.  There 
is  but  little  differentiation,  but  from  some  of  the  filaments  curious 
root-like  structures  are  developed  for  purposes  of  attachment. 
Other  forms  are  Acetabularia,  where  there  are  stalks  crowned 
by  whorls  of  coherent  leaves,  and  Botrydium  (fig.  803),  where  a 
bladder-like  head  is  continued  downwards  by  a slender  stalk  to 
a much-branched  root,  all  being  a single  ccenocyte.  Forms 
composed  of  several  coenocytes  united  into  a filamentous  thallus 
are  shown  by  the  genera  Sphccroplea,  Cladopliora,  &c.  The 
curious  genus  Hydrodictyon  is  sometimes  referred  to  this 
group. 

The  reproductive  pioeesses  of  the  group  may  be  sexual  or 
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asexual.  The  sexual  cells  are  usually  all  alike  and  are  free- 
swimming  ciliated  gametes,  which  conjugate  in  pairs.  Vau- 
cheria  is  exceptional  in  producing  antheridia  and  oogonia  {fig. 
804),  which  are  developed  in  close  proximity  to  each  other  from 
the  surface  of  a filament.  Each  becomes  shut  off  from  the 
rest  of  the  ccenocyte  by  a cell-wall.  The  antheridium  gives  rise 
to  a number  of  antlierozoids  which  are  liberated  by  the  rup- 
ture of  the  apex.  The  oogonium  contains  a single  oosphere, 
and  when  it  is  mature  it- opens  at  the  apex,  and  a drop  of  muci- 
lage is  extruded.  An  antherozoid  enters  the  oogonium  and 
effects  fertilisation.  There  is  no  sporophytic  form,  the  zygote 
germinating  to  produce  a new  gametophyte. 

In  Sphceroplea , which  is  composed  of  several  ccenocytes, 
any  segment  of  the  body  may  become  an  antheridium  or  an 
oogonium.  There  is  not  thus  the  differentiation  of  the  organs 
seen  in  VaucJieria.  The  antheridia  produce  a large  number  of 
antherozoids,  and  the  oogonia  develop  several  oospheres  in  each. 
Fertilisation  takes  place  by  the  entry  of  the  antherozoids  into 
the  oogonia  through  openings  in  the  walls  of  the  latter. 
Unlike  Vaucheria,  this  plant  shows  an  alternation  of  genera- 
tions, the  oospore  not  producing  at  once  a new  Splice soplea 
plant,  but  giving  rise  to  free-swimming  zoospores,  which  form 
the  new  filament  when  they  come  to  rest  and  germinate.  The 
oospore  thus  represents  the  sporophyte. 

Asexual  reproduction  is  not  common  ; when  it  takes  place  it 
is  brought  about  by  the  formation  of  zoogonidia.  These  are  gene- 
rally motile  and  have  a varying  number  of  cilia.  In  Vaucheria 
(fig.  804),  a single  zoogonidium  or  zooccenocyte  is  formed  at  the 
end  of  a filament,  a portion  of  which  becomes  segmented  off  by 
a wall.  The  protoplasm  of  this  portion  undergoes  rejuvenes- 
cence, and  becomes  ciliated  all  over,  a pair  of  cilia  being  placed 
over  each  nucleus  of  the  new  ccenocyte.  It  escapes  by  rupture 
of  the  apex  of  the  filament.  In  some  forms  the  asexual  gonidia 
are  non-motile. 

Confebvoideje. — The  forms  included  in  this  group  are  either 
unicellular,  filamentous,  or  membranous ; the  filaments  are 
sometimes  branched,  sometimes  not,  the  membranous  ones 
sometimes  form  flat  plates,  sometimes  hollow  or  tubular  expan- 
sions. The  growth  of  the  filaments  is  generally  intercalary. 
They  are  always  composed  of  cells  and  not  of  ccenocytes. 

The  processes  of  reproduction  are  both  sexual  and  asexual. 
The  origination  of  sexuality  can  be  traced  in  some  members  of  the 
group.  In  Ulothrix,  which  is  a filamentous  multicellular  form, 

r 2 


08 


MANUAL  OF  BOTANY 


Fig.  805. 


the  contents  of  certain  cells  of  the  filament  give  rise  to  a large 
number  of  free-swimming  ciliated  cells,  which  indicate  in  their 

behaviour  the  begin- 
ning of  sexual  differ- 
entiation. They  often 
conjugate  in  pairs  (fig. 
805),  forming  zygo- 
spores and  thus  indi- 
cating that  they  are 
essentially  gametes. 
If  they  do  not  succeed 
in  conjugating,  they 
still  can  germinate  ; a 
fact  which  shows  that 
they  are  much  akin  to 
ordinary  zoogonidia. 

A further  evolution 

of  sexuality  is  found  in  the  Zygnemice , to  which  Sjnrogyra 
belongs.  Any  cell  of  the  filaments  of  the  plant  can  become  a 
gametangium.  In  the  process  of  conjugation  two  filaments 


Fig.  Kor>.  fart  of  a filament  of  Ulolhrix  from  which 
the  gametes,  g,  are  escaping.  g'.  Free  gamete. 
g'\  if'.  Gametes  conjugating. 


Fig.  800. 


Fig.  806.  Conjugation  in  fSpirogyra.  ' Two  filaments  are  lying  side  by  side, 
and  from  cells  opposite  to  each  other  protuberances  are  growing  out  to 
meet,  a,  a'.  Each  produces  a gamete,  b.  When  the  protuberances  have 
met  and  fused,  one  gamete  passes  over  and  unites  with  the  other,  c. 
d.  Adult  zygospore. 


come  to  lie  parallel  with  each  other,  and  from  the  middle  of 
each  cell  a lateral  process  grows  out  towards  the  other  filament 
(fig.  806,  a a).  The  opposite  processes  join  and  their  walls 
fuse  forming  a tube  which  stretches  across  between  the  two 
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gametangia.  The  protoplasm  of  each  undergoes  rejuvenes- 
cence to  form  the  gamete,  and  one  of  them  passes  over  into 
pr  through  the  tube  and  fuses  with  the  other  gamete,  which 
either  enters  the  tube  to  meet  the  first  or  remains  in  its  gamet- 
angium,  where  it  is  joined 


by  the  other.  The  first 
condition  is  found  in  Zy- 
gogonium , and  as  there 
is  no  difference  between 
the  gametes  taking  part, 
we  cannot  speak  of  differ- 
ence of  sex.  In  Sjrirogyra 
(fig.  806)  the  cell  which 
passes  over  through  the 
tube  begins  to  be  differ- 
entiated slightly  sooner 
than  the  other  and  may 
be  held  to  be  the  male 
one. 

In  (Edogonium  sexu- 
ality is  completely  esta- 
blished, antherozoids  and 
oospheres  being  produced. 
In  some  cases  the  whole 
contents  of  the  antheri- 
dium  forms  a single  an- 
therozoid,  which  is  cili- 
ated. 

Unicellular  forms 
occur  in  this  group  in 
the  family  of  the  Desmicls. 
These  are  cells  of  bright- 
green  colour  and  usually 
peculiar  shape.  Their 
colouring  matter  is  col- 
lected into  curiously 
formed  chloroplasts 
which  may  occur  as 
bands  stretching  the 
whole  length  of  the  cell, 


Fig.  807. 


Fig.  807.  a.  Middle  part  of  a sexual  filament 
of  (Edogonium  ciliatum.  og,  og.  Oogonia 
fertilised  by  the  dwarf  male  plants,  m,  m, 
developed  from  androgonidia  formed  in  the 
cells,  n,  at  the  upper  part  of  the  filament. 
b.  llipe  zygote,  c.  Piece  of  male  filament 
of  a species  of  (Edogonium , showing  pro- 
duction of  antherozoids,  z,  z.  D.  The  four 
zoospores  resulting  from  a zygote.  e. 
Zoospore  at  rest.  After  Priugsheim. 


and  having  pyrenoids  embedded  in  them.  They  multiply  chiefly 
by  fission,  as  do  the  Diatoms,  to  which  group  they  present 
certain  resemblances.  Occasionally  two  individuals  conjugate 
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to  form  a zygospore,  which  germinates  and  produces  two  new 
plants. 

The  Zygnemise  are,  like  the  Desmids,  furnished  with  peculiar 
chloroplastids.  In  Spirogyra  these  form  a spiral  hand  which 
winds  round  the  cell ; in  Zygnema  they  form  two  stellate 
plates  ; other  forms  occur  in  other  genera. 

CEdogonium  (figs.  807,  808)  is  noteworthy  among  the 

group  on  account  of  certain 
peculiarities  of  its  reproduction. 
The  ordinary  filament  produces 
a number  of  oogonia  along  its 
length,  the  cells  swelling  and 
becoming  ovoid.  Each  produces 
a single  oosphere.  The  anthe- 
ridia  may  be  on  the  same 
filament  as  the  oogonia  or  on  a 
different  one.  A cell  of  such 
filament  divides  transversely 
several  times,  and  each  cell  so 
formed  becomes  an  antheri- 
dium,  giving  rise  either  to  a 
single  antherozoid  or  dividing 
into  two  to  form  two  mother- 
cells,  each  of  which  produces 
one.  The  oogonium  admits 
the  antherozoid  usually  by  a 
perforation  of  the  wall.  Some- 
times no  antheridia  are  formed 
directly  on  the  parent  filament. 
Instead,  special  cells  produced 
in  the  same  way  as  antheridia 
set  free  their  contents  in  the 
form  of  a ciliated  cell  known  as 
an  androgonidium.  It  is  much 
like  an  antherozoid,  but  differs 
from  the  latter  in  its  behaviour.  It  becomes  attached  to  the 
wall  of  an  oogonium  and  germinates,  forming  a very  small  plant, 
of  three  or  four  cells,  known  as  a dwa/rf  male  (fig.  807,  A,  m),  the 
upper  cells  of  which  are  antheridia,  and  produce  each  a single 
antherozoid.  When  the  oosphere  is  fertilised  it  clothes  itself 
by  a cell- wall,  and  the  zygote  so  formed  in  due  time 
germinates  and  produces  four  zoospores  (fig.  807,  n).  It  thus 
represents  the  sporophyte. 


I'ij.  808.  A,  i).  Escape  of  the  zoogonidia 
of  an  CEdogonium.  c.  One  in  free 
motion,  d.  The  same  after  it  lias 
become  fixed,  and  lias  formed  the 
attaching  disc.  e.  Escape  of  the  whole 
protoplasm  of  a germ-plant  of  (Edogo- 
nlurn  in  the  form  of  a zoogonidium. 
After  Pringsheim. 
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Coleocluete  is  a form  which  in  some  respects  approaches 
the  red  seaweeds.  Its  thallus  is  composed  of  much-branched 
filaments  forming  a tufted  mass  which  grows  apically  or  mar- 
ginally. The  cells  in  some  cases  bear  peculiar  sheathing  hairs. 
The  plant  bears  antheridia  and  oogonia,  each  of  the  latter  bearing 
a trichogyne  except  in  a few  species.  The  antherozoid  enters 
the  oogonium  by  an  opening  in  the  trichogyne  and  fertilises  the 
oosphere. 

The  result  of  the  fusion  is  the  production  of  a more  elabo- 
rate sporophyte  than  in  any  other  member  of  the  Chlorophy- 
ceae.  The  oosphere  secretes  a cell-wall  round  itself,  and  the 
oogonium  in  which  it  lies  becomes  surrounded  by  a kind  of 
cellular  covering  derived  from  the  cells  of  the  thallus  near  it. 
It  thus  forms  a kind  of  fructification  which  becomes  detached 
from  the  parent.  Later  the  zygote  germinates,  rupturing  its 
coating ; it  only  produces  a few  cells,  each  of  which  gives  rise 
to  a single  zoospore. 

The  asexual  reproductive  cells  produced  by  the  Confervoide® 
are  zoogonidia  or  zoospores,  as  they  are  produced  on  the 
gametophyte  or  the  sporophyte  respectively.  They  are  variously 
ciliated,  and  always  on  germination  produce  a gametophyte 
(fig.  808).  The  process  of  asexual  reproduction  is  not  found  in 
the  Desmids  nor  in  the  Zygnemise. 

The  last  type  of  structure  is  found  in  the  ChaeacbjE,  repre- 
sented most  familiarly  by  the  two  genera  Chara  and  Nitella. 
In  some  respects  these  approach  nearest  in  structure  to  the 
Bryophytes  ; among  the  Chlorophycese  they  are  distinguished 
by  their  relatively  great  degree  of  both  morphological  and 
anatomical  differentiation  and  by  the  complex  structure  of  their 
reproductive  organs. 

Chara  exhibits  a long  slender  stem,  bearing  whorls  of  leaves 
and  branches,  and  consequently  divided  into  nodes  and  inter- 
nodes. The  branches  are  developed  in  the  axils  of  the  leaves. 
The  lower  portion  of  the  stem  gives  rise  to  a number  of  adven- 
titious roots,  which  are  filamentous  and  multicellular. 

The  growth  of  root,  stem,  and  leaf  is  apical ; in  the  stem 
and  branches  it  is  carried  on  by  an  apical  cell. 

The  nodes  and  internodes  differ  in  structure ; in  the  latter 
the  central  core  is  formed  by  a single  very  elongated  cell, 
which  in  the  older  parts  contains  several  nuclei.  It  is  not  a 
ccenocyte,  the  nuclei  being  derived  from  the  fragmentation  of 
the  original  nucleus.  This  cell  is  covered  in  by  a cortex 
consisting  of  a number  of  rows  of  cells  which  spring  from  the 
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nodes  above  and  below  and  accompany  the  internodal  cell  in 
its  elongation.  The  nodes  are  made  up  of  a number  of  small 
cells,  from  the  external  ones  of  which  the  branches  and  leaves 
arise. 

The  growing  point  of  the  stem  of  Chara  is  seen  in  fig.  809. 
When  it  divides  it  cuts  off  a segment  by  a transverse  wall ; 
this  cell  is  again  divided  similarly  into  two,  of  which  the  upper 
becomes  a nodal  and  the  lower  an  internodal  cell.  The  nodal 
cell  divides  by  vertical  walls,  while  the  internodal  one  only 
elongates.  The  peripheral  cells  of  the  node  grow  upwards  and 

downwards  to  help  to  form  the 


Fig.  809. 


Fig.  809.  Longitudinal  section  through 
the  apical  region  of  three  primary 
shoots  of  Cham  fragilis.  t.  Apical  cell, 
in  which  .segments  arc  formed  by 
septa,  each  segment  being  further 
divided  by  a curved  septum  into  a 
lower  cell  not  further  divisible,  which 
develops  into  an  internode,  g,  g',  g",  g"', 
and  an  upper  cell  which  produces  a 
node,  m,  >n',  and  the  leaves,  6,6',  6",  It", 
which  also  undergo  segmentation. 
After  Sachs. 


cortex  of  the  internode  above 
and  below  it.  The  apical  cell 
of  the  leaf  is  similar  to  that  of 
the  stem,  but  it  only  keeps  its 
activity  for  a short  time.  The 
apical  cell  of  the  root  is  not 
differentiated. 

The  reproductive  organs 
are  antheridia  and  oogonia, 
and  are  produced  at  the  nodes 
of  the  stem.  The  antheridium 
is  a shortly-stalked  globular 
body,  sometimes  called  a glo- 
bule (fig.  810,  A,  a).  Its  case 
consists  of  eight  cells  with 
curious  thickenings  upon  their 
surfaces.  The  top  cell  of  the 
stalk  projects  into  the  interior 
of  the  antheridium  between 
the  bases  of  the  lower  cells  of 
the  case.  Each  of  the  eight 
wall-cells,  known  as  shields, 
the  interior,  which  is  termed  a 
by  a smaller  globular  cell,  the 


bears  a long  cell  projecting  into 
manubrium  ; this  is  crowned 
capitulum,  and  this  in  turn  gives  rise  to  six  secondary  capitula 
Springing  from  each  of  these  are  two  long  filaments  (fig.  812), 
divided  into  a large  number  of  cells,  each  of  which  gives  rise  to 
a single  antlierozoid.  The  antlierozoids  are  twisted  masses  of 
protoplasm,  bearing  two  cilia  at  their  anterior  ends. 

The  oogonium  is  also  stalked,  the  central  cell  being  sur- 
rounded by  filaments  which  arising  beneath  it  from  the  node 
coil  spirally  round  it  (fig.  810,  a,  s).  Each  filament  cuts  off  a 
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small  cell  at  its  apex,  so  that  the  oogonium  is  covered  in  by  a 
kind  of  neck  or  crown  consisting  of  small  cells.  There  are  usu- 
ally five  of  these.  When  the  oogonium  is  mature  these  cells 


Fig.  810. 


Fig.  810.  A.  Portion  of  the  axis  of  Chara  fragilis.  s.  Nucule  or  oogonium. 
a.  Olobule  or  antlieridium.  b.  Internode.  c.  Crown  or  corona  of  nucule. 
/3.  Abortive  leaves.  0',  /3",  /3".  Sterile  leaflets.  B.  sk.  Nucule,  and  a,  glo- 
bule, both  in  an  early  stage  of  development.  u>.  Nodal  cell  of  leaf. 
u.  Union  cell  between  t and  basal  node  of  globule.  ?.  Cavity  of  internode 

of  leaf.  hr.  Cells  of  leaf  covered  with  cortex.  After  Sachs. Fig.  811.  A 

portion  of  a filament,/!/,  of  fly.  812,  in  the  cells  of  which  the  antherozoids 

are  developed  ; with  a 2-ciliated  antherozoid  by  its  side. Fig.  812.  A 

globule  cut  in  half  to  show  the  oblong  cells  or  manubria,  c,  and  the  septate 

filaments,  fll.  After  Henfrey. Fig.  813.  Nucule  or  archegonium  of 

Chara.  a.  Apices  of  thespirally  wound  cells. Fig.  814.  Vertical  section 

of  a nucule. 


separate  from  each  other,  leaving  a small  channel  through  which 
the  antherozoid  can  make  its  way. 

The  oosphere  is  solitary  in  the  oogonium,  though  as  it 
becomes  ready  for  fertilisation  it  cuts  off  one  or  two  small  cells 
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from  near  its  base. 


Fig.  815. 


These  cells  are  separated  from  it  bj'  cell- 
walls,  but  the  oosphere  itself  remains 
naked. 

The  oogonium  does  not  open,  but 
tho  antherozoid  makes  its  way 
through  the  cell-wall,  which  under- 


goes a sort 


of  mucilaginous  degener- 


ation. The  fertilised  oosphere  after 
fusion  with  it  becomes  an  zygote  with 
a very  thick  wall. 

The  germination  of  the  zygote 
is  peculiar ; a transverse  wall  is 
formed  near  the  apex  and  a small 
cell  is  so  separated  from  the  rest. 
The  latter  part  of  the  zygote  takes 
no  part  in  the  further  development, 
but  remains  as  a store  of  nutriment 
for  the  young  embryo.  The  small 
cell  divides  into  two,  and  from  one 
of  these  the  new  shoot  is  developed, 
the  primary  root  arising  from  the 
other.  A small  pro-embryo  is  thus 
produced  which  bears  a single  whorl 
of  leaves  and  a few  adventitious 
roots.  The  Chara  plant  arises  as  a 
bud  upon  this,  its  apical  cell  being 
differentiated  among  the  whorl  of 
leaves  (fig.  815,  g). 

In  the  genus  Nitella  the  stem  is 
much  more  slender  than  in  Cliara, 
and  it  is  not  furnished  with  a cortex. 

There  are  no  asexual  cells  pro- 
duced, but  vegetative  propagation  is 
sometimes  brought  about.  Certain 
branches  of  peculiar  form  may  be- 
come detached  from  the  parent  and 
grow  into  new  plants ; or  gemmae 
may  be  developed  upon  the  under- 
ground nodes. 

Not  producing  any  asexual  cells, 
Cliara  does  not  exhibit  any  alternation  of  generations.  The 
plant  is  the  gametophyte. 


Fig.  815. 
fragllis, 
1,  il,  q 


Pro-embryo  of  Chara 
xp.  Germinating  spore. 
pi.  The  pro-embryo. 
At  <!  are  the  rhizoids,  w.  w'. 
Primary  root.  g.  First  leaves  of 
the  second  generation,  or  Cliara 
proper.  After  Pringsheiin. 
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Class  II. — FUNGI. 

This  class  of  Thallophytes  differs  from  the  preceding  one 
especially  by  the  absence  of  chlorophyll  from  the  tissues  of 
the  plants  which  it  comprises.  In  other  respects  there  is 
a great  similarity  between  the  two  groups.  The  absence  of 
chlorophyll,  however,  makes  such  a material  difference  to  the 
mode  of  nutrition,  and  leads  ultimately  to  such  great  differences 
in  degree  of  development,  that  they  are  properly  separated  into 
two  distinct  classes.  The  fungi  cannot  appropriate  the  C02  of 
the  atmosphere,  and  are  therefore  compelled  to  obtain  then- 
carbonaceous  food  from  somewhat  complex  compounds,  which 
have,  however,  a fairly  wide  distribution.  Some  fungi  obtain 
them  from  other  living  organisms,  both  animals  and  vege- 
tables, on  which  they  prey,  their  tissues  entering  into  the 
living  substance  of  their  hosts  and  absorbing  therefrom  the 
food-stuffs  they  need.  These  are  called  parasites.  Others 
grow  upon  decaying  organic  matter,  either  in  the  soil  or  else- 
where ; these  are  known  as  saprophytes.  Yet  a third  class 
exists,  whose  members  live  in  intimate  relationship  with  living 
green  plants,  the  two  forming  together  a complex  organism, 
partly  chlorophyllaceous,  partly  fungal,  the  two  constituents 
playing  each  its  own  part  in  the  nutrition  of  the  whole.  Such  a 
mode  of  life  is  called  symbiosis ; it  differs  from  parasitism  in 
that  the  fungus  does  not  in  any  way  injure  the  green  plant  with 
which  it  is  in  such  close  relationship.  The  best  examples  of 
symbiosis  may  be  found  in  the  next  class,  the  Lichens,  where  an 
alga  and  a fungus  live  together.  In  this  it  is  illustrated  by  the 
mycorhiza  found  on  the  roots  of  many  of  our  forest  trees. 

In  their  life  history  the  fungi  show  an  alternation  of  genera- 
tions, but  not  at  all  a regular  one.  Many  species  have  both 
gametophyte  and  sporophyte  phases,  but  these  rarely  if  ever  alter- 
nate with  constancy.  The  gametophyte  is  always  the  larger  and 
most  important  form,  the  sporophyte  being  sometimes  repre- 
sented only  by  the  oospore  or  zygospore,  sometimes  by  a small 
promycelium  developed  from  it,  sometimes  by  a kind  of  fructifi- 
cation recalling  the  cystocarp  of  the  red  Algae.  The  gameto- 
phyte usually  bears  gonidia  in  addition  to  the  gametes  ; indeed 
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many  gametophytes  are  only  potential  ones,  usually  producing 
gonidia  alone.  Many  generations  of  these  may  occur  in  suc- 
cession before  an  actual  one  with  sexual  organs  is  formed. 
Hence  we  often  got,  as  in  the  Algae,  in  the  life  history  an  alterna- 
tion, generally  very  irregular,  of  potential  with  actual  gameto- 
phytes, in  addition  to  the  alternation  of  sporophyte  with  gaineto- 
phyte,  which  is  also  very  irregular.  The  former  has  been  called 
homologous,  the  latter  antithetic  alternation. 

Again,  some  of  the  gametophytes  have  lost  the  power  of 


Fig.  81C. 


Fig.  Kill.  Coenoeyte  of  Mucor  Mumio , bearing  a gouidangium,/t\  Tin's  is  more 
highly  mngnified  in  the  figure  to  the  right,  m.  Columella.  1.  Gonidia. 


producing  sexual  cells  at  all,  probably  in  consequence  of  the 
degeneration  of  structure  that  has  accompanied  the  parasitic  or 
saprophytic  modes  of  nutrition.  They  thus  never  produce  any 
reproductive  cells  but  gonidia,  and  can  only  be  distinguished  as 
gametophytes  by  a careful  study  of  their  homologies. 

Polymorphy  is  very  widespread  among  the  Fungi.  As  we 
have  seen,  the  plant  body  is  in  most  cases  the  gametophyte.  It 
may  be  unicellular,  consisting  of  separate  cells  of  various  shapes, 
rounded,  oval,  or  irregular.  It  may  be  a coenoeyte  (fig.  816), 
when  the  appearance  it  presents  is  that  of  a number  of  white 
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interlacing  filaments,  or  hyphce,  with  no  separating  transverse 
walls,  but  with  many  nuclei  embedded  in  the  protoplasm  which 
fines  them.  This  network  of  hyplire,  which  is  characteristic  of 
most  fungi,  is  known  as  the  mycelium.  Often  the  mycelium  is 
septated  into  segments,  each  of  which  is  a small  coenocyte.  In 
one  group,  the  Myxomycetes,  the  plant  body  is  a plasmodiv/m 
(fig.  817),  consisting  of  an  aggregation  of  cells  which  possess  no 
cell-walls,  but  are  capable  of  amoeboid  movements.  The  plasmo- 
dium  is  of  course  a form  of  coenocyte. 

Fig.  817. 


Fi<J.  817.  A.  Plasmodium  of  a Myxomycete  ( x 300).  B.  A fructification  still 
closed.  C.  After  rupture  of  the  wall  p,  and  extension  of  the  capillitiutn, 
cp.  x20.  (After  lie  Bury.) 


The  degree  of  differentiation  which  is  shown  by  the  plant 
body  varies  a good  deal.  Some  are  always  single  cells,  others 
by  division  of  these  form  strings  or  chains  of  cells  ; others  form 
the  mycelia  already  noticed,  and  in  many  cases  their  hyphse, 
combining  in  various  ways  as  they  grow,  produce  large  masses 
of  tissue. 

In  nearly  all  cases  but  the  first  two,  the  body  can  be  seen 
to  be  composed  of  parts  which  may  be  called  root  and  shoot.  In 
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Fio.  818. 


many  the  former  is  much  the  greater  in  extent  and  forms  the 
larger  part  of  the  mycelium,  being  buried  in  the  substratum  on 
which  the  fungus  is  growing.  In  such  cases  the  shoot  is  com- 
posed of  a few  hyphae,  bearing  the  reproductive  organs.  In 
other  cases  the  shoot  is  large  and  bulky.  In  some  parasitic 
forms  the  root  hyphae  take  .the  form  of  haustoria,  or  sucking 
organs,  which  penetrate  into  the  cells  of  the  host  plant  {fig.  818), 
the  rest  of  the  mycelium  being  found  only  between  the  latter. 
Sometimes,  instead  of  forming  a feltwork  of  mycelium,  the 
root  hyphae  are  gathered  into  bundles.  The  shoot,  especially 
when  bulky,  is  of  curious  and  varied  form  and  never  bears 
anything  that  can  be  called  a leaf. 

Corresponding  with  this  rudi- 
mentary morphological  differentia- 
tion, the  anatomical  structure  is  very 
simple.  The  long  chains  of  cells  are 
produced  by  ordinary  cell -division  ; 
the  elongated  hyphae  grow  at  their 
apices  ; in  the  masses  of  tissue  of  the 
more  bulky  forms  a transverse  sec- 
tion shows  the  appearance  of  a kind  of 
parenchymatous  tissue.  It  is  not  a 
true  parenchyma,  however,  being 
composed  of  hyphie  which  run  side 
by  side,  cohering  together.  The 
outer  layers  of  such  a mass  form  a 
kind  of  cortex,  which  is  more  com- 
pact than  the  inner  parts.  Occa- 
sionally some  of  the  hyphae  are 
modified  to  form  a system  of  latici- 
ferous  tissue,  and  a kind  of  gland  is 
formed  in  some  other  species.  These 
forms  are  found  generally  in  the 
most  complex  group,  the  Basidiomycetes. 

The  cell-walls  of  the  fungi  are  composed  of  a modification 
of  cellulose,  characterised  by  not  turning  blue  when  treated 
with  iodine  and  sulphuric  acid.  This  modification,  known  as 
fungus  cellulose,  has  recently  been  shown  to  resemble  in  some 
respects  the  chitin  found  in  some  animal  organisms. 

The  reproductive  structures  found  in  the  fungi  are  very 
varied.  Sexual  reproduction  is  represented  in  several  of  the 
groups,  but  in  others  it  is  unknown,  the  gametophytes  being 
always  potential  and  not  actual . In  many  a somewhat  elaborate 


Ply.  hih  Pour  cells  of  potftto plant, 
infested  with  Phytophthora,  b. 
Hyplia  running  between  the 
cells  and  sending  haustoria,  n, 
into  their  interior. 
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sexual  apparatus  is  formed,  but  it  is  doubtful  how  far  actual 
fusion  of  the  gametes  takes  place. 

The  gametes  may  be  alike.  In  this  case  they  are  never  set 
free  from  the  gametangia,  but  the  walls  of  the  latter  coalesce  and 
fusion  takes  place  inside  the  structure  so  formed,  a zygospore 
being  the  result  (fig.  819).  These  isogamous  fungi  form  the 
group  of  the  Zygomycetes. 

In  other  cases  both  male  and  Fig.  819. 

female  gametes  are  found.  The 
female  is  usually  an  oosphere, 
contained  either  singly  or  in 
numbers  inside  a structure  that 
may  be  called  an  oogonium  (fig. 

820).  In  this  case  the  male 
usually  consists  of  a mass  of 
naked  protoplasm,  which  occurs 
in  a special  branch  of  one  of 
the  hyphae,  in  close  proximity 
to  the  oogonium.  This  branch 
is  known  as  a pollinodium  (fig. 

820,  an).  In  another  section  the 
male  gametes  are  differentiated 
and  are  set  free.  They  are  small 
rounded  cells,  clothed  with  a cell- 
wall,  and  known  as  spermatia. 

They  are  produced  by  abstraction 
from  the  apex  of  a special  filament, 
the  sterigma,  a number  of  these 
being  developed  in  a special  re- 
ceptacle, the  spermogonium.  The 
female  organ,  which  is  known  as 
an  archicarp  (fig.  783),  contains 
no  differentiated  female  cell,  and 
corresponds  to  the  procarpium  of 
the  Rhodophycese.  This  some- 
times has  a trichogyne , as  in  the  latter  group. 

In  some  forms  which  bear  an  archicarp  the  male  cell  is  not 
differentiated  either,  but  is  much  like  the  gamete  of  the  group 
last  mentioned,  being  produced  by  a hypha  close  to  the 
archicarp.  The  product  of  fertilisation  in  the  last  two  cases  is 
known  as  an  as  cocarp,  and  is  the  sporophyte  of  the  plant. 

The  spores  or  gonidia  of  fungi  are  borne  in  great  numbers,  and 
receive  different  names  according  to  the  organs  in  or  on  which 


Fig.  819.  Conjugation  in  Mucur  Mucedo. 
7i,  h.  Two  hypliffi  which  have  come 
into  contact  at  their  apices,  and  eacli 
lias  cut  oil  from  itself  a cell.  zyg. 
Zygospore  resulting  from  the  fusion 
of  these  cells,  zyg'.  Adult  zygospore 
after  germination,  p.  Promycelium 
bearing  a sporangium,  sp. 
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they  are  produced.  The  sporophyte  rarely  occurring,  it  follows 
that  they  generally  arise  upon  the  gametophyte  and  arc  gonidia. 
In  most  cases  they  are  small  rounded  bodies,  each  with  its  cell- 
wall.  They  may  he  produced  singly  in  a cell,  as  in  the  Schizo- 
mycetes,  or  in  groups  of  four  or  eight,  as  in  the  Ascomycetes, 
In  most  Phycomycetes  they  are  produced  in  great  numbers 
in  globular  or  club-shaped  gonidangia  {fig.  822)  borne  upon 
special  aerial  hyplne,  termed  gonidiopliorcs.  In  other  cases  the 


Fig.  820. 


/’fy.  H20.  A.  Branched  mycelium  of  Cyslopus  with  young  oogouin,  ug,  oq, 
ii.  Portion  of  mycelium  bearing  oogonium,  or/,  with  the  oospliere,  os ; and 
an tlieri dill m or  pollinodium,  an.  c.  Mature  oogonium,  with  o.s,  tlie 
oospore  or  zygote.  i>.  Mature  oospore.  K,  V.  Formation  of  swarm-spores  or 
zoospores,  u,  from  the  oospores.  /,  i.  Protruded  endosporo.  After  DeBary. 

gonidia  arc  never  in  a gonidangium,  but  are  produced  from 
special  hyplue  by  a process  of  abstriction  or  budding,  lending  to 
the  formation  of  strings  of  them,  called  stylo  gonidia  {fig.  828). 
Usually  each  ultimately  becomes  free.  In  one  group,  the 
Uredinese,  they  remain  together,  in  number  two  or  more 
( fig.  824),  each  of  which  can  germinate  while  associated  with  the 
others.  These  are  sometimes  looked  upon  as  compound  gonidia, 
though  each  one  is  actually  independent.  This  form  is  known 
as  a teleuiogonidium , There  is  some  doubt  as  to  whether  the 
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Fig.  821. 


bodies  described  above  as  spermatia  are  not  a form  of  the  stylo- 
goniclia,  and  not  sexual  cells  at  all.  In  some  cases  they  have  been 

found  to  be  capable 
of  germination,  pro- 
ducing a mycelium 
without  any  sexual 
fusion. 

In  a few  families, 
such  as  the  Sapro- 
legnias,  the  gonidia  are 
not  clothed  with  a cell- 
wall,  but  are  ciliated 
free-swimming  bodies. 
They  are  produced  in 
great  numbers  inside 
special  terminal  goni- 
dangia  (fig.  825). 

Fig.  822. 


Fig.  821 . Oogonia  and  au- 
theridia  of  Ac/tlt/a  liyni - 
cola.  The  letters  a to  K 
indicate  the  course  of 
development.  The  pro- 
toplasm of  a cell  or 
branch  of  a cell  collects 
into  a globular  form 
a,  ii,  and  by  the  forma- 
tion of  a septum,  n g, 
liecomes  an  independent 
cell  (the  oogonium). 
The  protoplasm  then 
breaks  up  into  two  or 
more  parts,  p,  e,  e 
(oospheres),  which 
quickly  become  spheri- 
cal, as  seen  in  D,  secrete 
a cell- wall  E,  and  be- 
come oospores.  After 
Sachs. Fig.  822.  CVc- 


magnified  i r^h t " ».  OoSdlL  “ m°re  ^ 

the  gomdangia  may  be  produced  singly  or  in  groups.  In 
the  latter  case  the  gomdiophorcs  which  bear  them  may  be 
collected  into  special  receptacles  which  are  known  as  vycnidia 

VOL.  II.  1 J 
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Besides  these  sexual  and  asexual  modes  of  reproduction,  vege- 
tative reproduction  very  commonly  occurs.  In  forms  such  as 
Bacteria  and  yeast  it  is  much  the  most  general  method,  and 
consists  only  of  ordinary  cell- divisions,  the  daughter  cells  at 
once  separating  from  the  one  which  gives  rise  to  them.  Some- 
times in  yeast  this  separation  does  not  at  once  take  place,  with 
the  result  that  chains  of  cells  are  produced  {fig.  826). 


Fig.  823. 


Fig.  824. 


Fig.  825. 


ri„  Ktvlngouidia  of  K urntium,  formed  by  repeated  nbstriction  from 

the  basal  cell.  After  Dodel-l'ort. Fig.  821.  Telcutogonidm  of  Puccwm 

grnminu  bursting  through  epidermis  of  straw.  After  Dodel-1  ort.— — 
Fig.  H2f>.  Two  gonidangia  of  Achlyn.  A.  Closed,  n.  Ruptured,  ami 
allowing  the  /oogonidia  n to  escape,  h.  Mother  cells  of  the  latter  after 

escape  of  e,  the  zoogonidia,  from  them. Fig.  820.  Two  yeast  cells 

budding. 


In  other  cases  a hypha  divides  by  the  formation  of  transverse 
septa  into  a number  of  cells,  each  of  which  becomes  rounded 
off  and  the  chain  breaks  up  into  single  cells  which  are  capable 
of  immediate  germination.  They  are  often  called  oiihuvi  cells. 
More  complex  forms  are  the  bodies  known  as  sclerotia , which  are 
composed  of  amass  of  hyphie  closely  felted  together  and  covered 
by  a pseudo-cortex.  These  separate  from  the  mycelium  which 
gives  rise  to  them,  and  remain  dormant  for  a longer  or  shorter 
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period,  ultimately  putting  out  hyphse  like  those  of  the  original 
mycelium. 

The  fungi  have  been  classified  in  various  ways  by  different 
writers.  The  system  which  is  now  usually  adopted  divides  them 
into  six  groups  as  under  : — 

1.  Scliizoinycetes,  including  those  bodies  commonly  spoken  of  as 

microbes,  or  bacteria.  They  are  sometimes  unicellular, 
sometimes  filamentous  and  composed  of  chains  of  cells. 
They  have  no  sexual  reproduction. 

2.  Myxomycetes.  The  body  of  the  fungus  is  a plasmodium  or 

aggregation  of  amoeboid  cells  with  no  cell-wall.  They 
produce  gonidia,  but  have  no  sexual  reproduction. 

3.  Phycomycetes.  These  have  usually  a mycelium  composed  of 

a much-branched  ccenocyte  with  no  septa.  They  are  often 
erroneously  described  as  unicellular,  a condition  which, 
however,  does  occur  in  some  cases.  They  reproduce 
sexually  and  asexually,  zoospores  and  ordinary  non-motile 
gonidia  occurring  in  different  orders.  The  sexual  reproduc- 
tion is  a process  of  conjugation  or-  fertilisation,  leading  to 
the  recognition  of  two  groups  accordingly,  the  Zygomycetes 
and  the  Oomycetes.  In  the  former  the  zygote  is  a zygo- 
spore, in  the  latter  an  oospore. 

4.  Ascomycetes.  The  ccenocytic  structure  is  found  in  this 

group  also,  but  the  whole  plant  is  usually  not  a single 
ccenocyte,  but  incompletely  septated,  forming  a number  of 
them.  The  female  organ  is  a carpogonium,  containing  no 
differentiated  gamete  ; the  sporophyte  is  inconspicuous,  but 
represented  by  the  so-called  fructification. 

5.  /Ecidiomycetes.  The  mycelium  has  the  same  structure  as  in 

the  last  group.  There  is  no  sexual  reproduction  known. 
Several  kinds  of  gonidium  are  borne.  There  is  an  elaborate 
structure  produced,  called  an  teculiwm , which  has  been 
thought  to  represent  the  sporophyte,  but  the  homologies  are 
doubtful. 

6.  Basidiomycetes.  The  mycelium  is  much  like  those  of  the  last 

two  groups.  No  sexual  reproduction  is  known.  The 
mycelium  produces  a massive  structure,  on  certain  parts  of 
which  the  gonidia  are  produced  by  abstrict.ion  from  special 
cells,  known  as  basiclia. 

Sub-Class  I. — Schizomycetes. 

The  members  of  this  group  arc  very  small,  and  almost  struc- 
tureless. The  unicellular  forms  have  various  shapes,  some  being 
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spherical  (Micrococcus),  some  more  elongated  or  rod-shaped 
(Bacterium),  some  forming  a spiral  (Spirillum).  The  multi- 
cellular forms  are  filaments,  branched  or  unbranched,  or  small 
masses  of  cells.  They  are  extremely  polymorphic,  one  organism 
passing  through  several  forms  in  its  life  history.  Some  are 
furnished  with  cilia,  by  which  they  move  rapidly  in  the  medium 
in  which  they  live  (fig.  827). 

The  cells  are  of  a very  simple  structure,  consisting  of  a cell- 
wall  enveloping  a mass  of  protoplasm.  In  this  is  found  a body 
capable  of  staining  more  deeply  than  the  rest  of  the  cell- 
contents,  and  hence  bearing  some  resemblance  to  a nucleus. 
The  protoplasm  often  contains  deeply  staining  granules,  some- 
times regularly  disposed  round  the  cell.  The  true  nature  of  the 


Fig.  827. 


Figs  827. 

1.  Siuvina;. 

2.  Bacteria. 

3.  Spirilla. 

4.  Spirillum,  show- 

ing flagellre. 

I Micrococci  in 
, strings,  singly 
. and  in  groups. 
G.(  After  Cohn 
7.  | and  Sachs. 
(Very  highly 
1 magnified.) 


staining  material  is,  however,  not  yet  accurately  ascertained. 
Many  of  these  cells  contain  various  pigments. 

lii  the  course  of  their  life  history,  most  of  the  Sehizomycetes 
become  embedded  in  a jelly-like  substance  which  holds  great 
numbers  of  them  together.  This  is  known  as  the  zoogloea  stage. 
The  zoogloea  may  form  a membrane  or  scum  on  the  surface  of 
the  liquid  in  which  the  organism  is  living,  or  may  occur  in  the 
shape  of  masses  of  various  forms. 

The  reproductive  processes  are  either  vegetative  or  asexual. 
In  the  former  case  the  multiplication  takes  place  with  enormous 
rapidity  by  ordinary  cell-division.  In  the  second  case  gonidia 
are  formed,  one  in  a cell,  by  a process  of  rejuvenescence.  A 
filament  may  thus  give  rise  to  a chain  of  gonidia,  which  ulti- 
mately become  separate  by  the  degeneration  of  the  original  cell- 
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wall.  The  gonidia  have  their  own  proper  coats,  which  are  much 
thicker  and  more  resistent  than  the  ordinary  cell-wall.  The 
zoogloea  stage  is  generally  the  one  in  which  the  plant  forms  its 
gonidia. 

It  is  to  these  organisms  chiefly  that  the  processes  of  fermen- 
tation and  putrefaction  are  dire,  though  other  fungi  take  part  in 
similar  phenomena. 

Sub-Class  II. — Myxomycetes. 

This  curious  group  is  distinguished  by  the  fact  that,  except  at 
a particular  time  in  its  life,  it  possesses  no  cell-walls.  Originating 

F ia . 828. 


from  gonidia,  the  contents  of  the  gonidium  escape  as  a naked 
mass  of  protoplasm,  which  in  some  forms  is  capable  of  active 
movement  by  means  of  a cilium,  and  in  others  can  only  creep 
about  slowly,  by  means  of  protrusions  which  it  can  put  out  from 
its  substance.  These  are  called  'pscudojiodia.  In  the  first  case, 
the  freely  motile  body  passes  over  later  into  this  stage,  so  that 


Fig.  828.  A.  Plasmodium  of  a Myxomycete  ( X300).  It.  A fructification  still 
closed.  C.  After  rupture  of  the  wall,  p,  and  extrusion  of  the  capillitium 
cp.  x20.  (After  De  liary.) 
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the  Myxomycete  is  at  some  time  characterised  by  this  behaviour, 
which  recalls  the  condition  of  the  form  of  animal  known  as  the 
Amoeba.  "While  the  separate  masses  are  still  motile  they  can 
multiply  by  cell-division,  which  has  been  ascertained  to  be 
preceded  by  karyolrinesis.  Ultimately  the  amoeboid  masses 
collect  into  a plasmodium,  without  fusion  of  the  nuclei,  so 
forming  a kind  of  coenocyte  (fig.  828,  A).  Like  the  constituent 
cells,  the  plasmodium  can  creep  about  by  means  of  pseudopodia. 
A familiar  example  of  this  fungus  is  the  so-called  ‘ flowers  of  tan  ’ 
(JE  thulium),  which  is  found  in  the  form  of  jelly-like  lumps  in 
tan  yards. 

The  plasmodium  in  time  comes  to  rest,  and  gives  rise  to  one 
or  more  gonidangia.  In  the  latter  case  it  divides  into  as  many 
pieces  as  the  gonidangia  ultimately  formed.  The  whole  of  the 
mass  or  of  each  piece  shrinks  up  into  a rounded  body  which 
shows  differentiation  into  a hardened  outer  portion  or  wall,  and 
an  inner  mass  which  gives  rise  to  gonidia.  The  substance  of  the 
inner  portion  produces  a peculiar  network  of  protoplasmic  fila- 
ments, the  cajnllitiuvi  (fig.  828,  C,  cp),  among  which  are  formed 
the  gonidia,  these  being  furnished  with  a cell-wall  which  each 
secretes  independently.  Sometimes  the  gonidangium  is  stalked, 
sometimes  sessile  ; occasionally  a protrusion  of  the  stalk  into 
the  gonidangium  forms  a kind  of  columella.  The  gonidia  after 
a time  are  liberated,  or  scattered  by  the  elastic  capillitium,  and 
give  rise  to  the  amoeboid  masses  already  described. 


Sub-Class  III.  -PhyoOmycetes. 

In  this  group  wo  have  undoubted  cases  of  sexual  reproduction, 
which  take  the  form  of  conjugation  or  fertilisation,  thus  giving 
rise  to  two  sections,  the  Zygomycetes  and  the  Oomycetes.  In 
both  groups  the  mycelium  is  unseptate,  or  incompletely  septate, 
being  coenocytic  in  its  construction. 

Zygomycetes.— The  form  most  generally  known  in  this  group 
is  the  common  mould,  Mucor  Mucedo,  found  generally  on  dung 
and  other  decaying  organic  matter.  The  gonidium  gives  rise  to 
a copiously  branched  mycelium,  which  ramifies  very  freely  in 
the  substratum.  When  well  established  it  throws  up  aerial 
branches  which  terminate  in  globular  heads  or  gonidangia.  A 
septum  is  formed  close  to  the  apex  of  the  hypha,  cutting  oft  a 
small  head  which  grows  and  becomes  globular.  The  lower  cell 
grows  also,  and  projects  into  the  swollen  portion,  forming  a 
columella  (fig.  822,  to).  The  contents  of  the  terminal  cell  break 
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up  into  a number  of  gonidia.  The  wall  of  the  gonidangium 
usually  becomes  impregnated  with  crystals  of  calcium  oxalate. 

The  sexual  reproduction  is  carried  out  by  means  of  undifferen- 
tiated gametes.  Two  hyplue  from  the  vegetative  part  of  the 
myceliujn  approach  each  other,  and  a septum  cuts  off  from 
each  a small  cell,  which  is  the  gametangium.  The  two  garnet- 


angia  come  into  contact,  and 
the  walls  between  them  are 
absorbed,  so  that  the  gametes, 
which  are  the  undifferentiated 
protoplasm  of  the  gametangia, 
fuse  together,  forming  a zygo- 
spore {fig.  829).  This  grows 
into  a globular  body  which 
secretes  round  itself  a thick 
cuticularised  wall.  After  a period 
of  rest,  this  body  germinates, 
putting  out  a small  mycelium, 
called  a promyceUum,  which 
gives  rise  to  a sporangium  {fig. 
829,  sp)  much  like  the  gonidangia 
borne  upon  the  ordinary  body 
of  the  fungus.  This  promycelium 
represents  the  sporophyte,  the 
ordinary  form  being  the  gameto- 
pbyte. 

In  some  species  of  Mucor 
the  gametangia  are  solitary  and 
conjugation  does  not  take  place ; 
the  body  produced  partheno- 
genetically  by  such  a gametan- 
gium is  called  an  azygospore. 

Under  unfavourable  con- 
ditions of  nutrition,  as  when 
the  hyphae  are  all  immersed  in 
liquid,  the  mycelium  of  Mucor 


Fig.  829. 


A fiicedo.  h,  h.  Two  hyphfe  which  have 
come  into  contact  at  their  apices, 
and  each  has  cut  off  from  itself  a 
cell.  zy<f.  Zygospore  resulting  from 
the  fusion  of  these  cells,  zyg'.  Adult 
zygospore  after  germination,  p. 
Promycelium  bearing  a sporan- 
gium, sp. 


may  divide  up  into  a number  of  oidium-like  cells  resembling 
yeast  cells.  This  is  called  the  Torula  form  ; it  is  capable,  like 
yeast,  of  setting  up  alcoholic  fermentation  in  a sugary  fluid. 
Sometimes  the  separate  cells  are  large  end  thick-walled,  when 
they  are  known  as  Chlamydospores . 

There  are  two  other  groups  in  this  sub-class,  the  Chytridiacece 
and  the  J^ntomophthoracece.  The  former  produce  zoogonidia 
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in  ordinary  gonidangia  and  in  others  which  are  specially  thick- 
walled,  the  latter  being  formed  after  a period  of  rest.  Zygospores 
also  occur,  but  the  differentiation  of  the  sexual  organs  is  not 
so  complete  as  in  the  Mucorinse.  The  Entomophthoracese  are 
parasitic  on  insects.  They  differ  from  Mucor  chiefly  in  the 
mycelium  being  incompletely  septate,  being  thus  composed  of  a 
number  of  ccenocytes,  instead  of  a single  one. 

Oomycetcs.  — The  chief  members  of  this  group  are  the 
Peronosporecs  and  the  Saprolegnice.  The  former  are  chiefly 
parasitic,  causing  many  of  the  diseases  of  Phanerogamic  plants, 
though  saprophytic  forms  occur.  A typical  example  of  them  is 

the  fungus  Pity tophtlwra  inf estans, 
which  causes  the  potato  disease. 
The  hyphse  ramify  usually  between 
the  cells  of  the  plants,  sending 
haustoria  into  their  interior,  and 
so  absorbing  their  nutritive  juices 
(fig.  830).  The  mycelium  sends 
out  hyphse  through  the  stomata  of 
the  leaves,  and  these  hear  gonid- 
angia at  their  apices.  In  Pliyto- 
phthora  these  hyphse  are  branched 
and  bear  several  gonidangia ; in 
Pcronospora,  each  bears  a single 
one.  In  some  cases  the  gonidan- 
gium  gives  rise  to  zoogonidia ; in 
others  it  behaves  like  a gonidium 
and  puts  out  a hyphse  directly. 

The  sexual  reproduction  of  this 
group  is  seen  best  in  such  forms 
as  Pythium  and  Cysiopus.  In  the 
former  a hypha  cuts  off  a cell 
at  its  apex,  which  becomes  swollen  and  rounded,  forming 
an  oogonium.  Its  contents  give  rise  to  a single  oosphere, 
part  only  of  the  protoplasm  being  concerned  in  its  formation, 
while  the  rest  forms  a peripheral  layer,  th Q periplasm.  Though 
the  oogonium  contains  a large  number  of  nuclei,  only  one  of 
these  apparently  is  retained  in  the  oosphere,  the  rest  remaining 
in  the  periplasm.  The  male  organ,  often  called  a pollinodium,t 
is  produced  in  a similar  manner  from  a hypha,  which  in  some 
cases  springs  off  as  a lateral  branch  from  that  which  bears  the 
oogonium,  and  in  others  from  an  adjacent  one.  The  contents  of 
the  pollinodium  show  a differentiation  similar  to  that  of  those 


Fin.  830. 


/■'ill.  H30.  Four  cells  of  potato 
plant,  infested  with  Phyto- 
phthora.  b.  Hyplm  running 
between  the  cells  and  sending 
haustoria,  a,  into  their  interior. 
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of  the  oogonium,  a generative  cell  or  gamete  being  separated 
from  a layer  of  periplasm.  In  its  growth  the  pollinodimn 
becomes  closely  applied  to  the  oogonium,  and  penetrates  its 
wall  by  means  of  a delicate  tube  which  serves  to  conduct  the 
male  cell  into  the  oogonium,  where  it  fuses  with  the  oosphere, 
forming  the  oospore  or  zygote,  which  clothes  itself  with  a cell- 
wall.  After  a period  of  rest  the  zygote  germinates,  giving  rise 
to  a small  promycelium,  which  in  time  produces  spores. 

Fir;.  831. 


fig.  831.  a.  Branched  mycelium  of  Ci/slopus,  with  young  oogonia,  orj,  og. 
it.  Portion  of  mycelium  bearing  oogonium,  or/,  with  the  oosphere,  ox  ; and 
antheridium  or  pollinodimn,  an.  c.  Mature  oogonium,  with  os,  the 
oospore  or  zygote.  D.  Mature  oospore.  E,  p.  Formation  of  swarm-spores  or 
zoospores,  o,  from  the  oospores,  i,  i,  Protruded  endospore.  After  De  Bary. 


Several  other  genera  behave  like  Pythium  in  these  processes  ; 
in  Cystopus,  however,  the  result  of  germination  is  the  produc- 
tion of  a number  of  zoospores  (Jig.  831). 

The  Saprolegnias  all  live  in  water,  being  parasitic  in  some 
cases,  though  often  saprophytic.  The  Salmon  disease  is  due  to 
one  species  of  this  group.  The  gonidangia  are  here  club-shaped 
and  give  rise  to  zoogonidia  (Jig.  833).  The  sexual  organs  are 
produced  in  a manner  similar  to  that  which  is  met  with  in  the 
last  group,  but  the  oogonium  usually  contains  several  oospheres 
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(fid-  833).  In  their  formation  there  is  no  periplasm  left.  The 
pollinodia  usually  send  tubes  into  the  oogonia,  but  there  is  no 
passage  of  the  male  gamete.  The  oospheres  become  oospores 
without  fusion  with  the  latter,  that  is  partlienogenetically. 

In  the  Oomycetes,  as  in  the  Zygomycetes,  antithetic  alterna- 


Fig.  832.  Fig.  833. 


Fig.  832.  Oogonia  mid  antheridia  of  Achilla  ligiiicola.  The  letters  a to  k 
indicate  the  course  of  development.  The  protoplasm  of  a cell  or  branch 
of  a cell  collects  into  a globular  form  A,  B,  and  by  the  formation  of  a 
septum,  i)  7,  becomes  an  independent  cell  (the  oogonium).  The  proto- 
plasm then  breaks  up  into  two  or  more  parts,  n,  <?,  e (oospheres),  which 
quickly  become  spherical,  ns  seen  in  n,  secrete  a cell-wall  k,  and  become 

oospores.  After  Sachs. Fig.  833.  Two  gonidangia  of  Aehlya.  a.  Closed. 

n.  Ruptured  and  allowing  the  zoogonidia,  a,  to  escape,  h.  Mother  cells  of 
the  latter  after  escape  of  e,  the  zoogonidia,  from  them. 


tion  of  generations  occurs,  but  the  sporophyte  is  always  small 
and  inconspicuous.  It  is  represented  by  the  zygote  itself  in 
such  forms  as  Cystopus,  where  it  at  once  gives  rise  to  zoospores ; 
in  Pythmm,  &c.,  the  promycelium  is  the  sporophyte.  Some 
forms  have  apparently  no  such  alternation,  as  the  oospores  or 
zygotes  give  rise  to  sexual  plants. 
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Sub-Class  IV. — Ascomycetes. 

In  this  group  the  mycelium  is  made  up  of  a number  of 
ccenocjdes,  each  of  the  apparent  cells  with  which  the  hyphse 
are  divided  containing  several  nuclei.  The  mycelium  is  thus 
incompletely  septate.  The  fungi  are  in  some  cases  saprophytic, 
in  others  parasitic.  Sexual  reproduction  appears  to  occur  in 
some  forms,  but  it  is  always  rudimentary,  and  in  many  cases  its 
existence  is  disputed.  In  several  members  of  the  group  complex 
organs  occur  which  suggest  sexuality,  but  it  may  be  that,  as  in 
the  Saprolegniee,  actual  fertilisation  does  not  take  place.  It  is, 
however,  convenient  to  describe  these  structures  as  sexual,  while 
reserving  the  question  of  the  actual  fusion  of  the  gametes. 

The  group  derives  its  name  from  the  fact  that  whether  pro- 
duced after  sexual  fusion,  or  parthenogenetically,  the  spores 
arise  in  closed  cells  known  as  asci.  There  is  much  variety  in 
the  mode  of  origination  of  the  latter,  but  they  agree  in  that 
there  is  no  case  of  a differentiated  female  gamete  giving  rise  to 
them.  The  fungi  of  this  group  in  this  respect  resemble  the 
Rhodophycese  of  the  group  of  Algae. 

The  sexual  organs  show  a great  deal  of  difference  in  the  de- 
grees of  then-  complexity.  The  female  organ  is  usually  an  arclii- 
carp,  consisting  of  a coiled  portion,  known  as  a ca/rpogonium, 
with  sometimes  an  elongated  part,  called  a trichogyne  (fig.  834). 
In  many  forms  the  trichogyne  is  wanting,  and  only  the  coiled 
portion  is  found.  The  male  organ  is  sometimes  a pollinodium, 
much  like  that  of  the  preceding  group,  and  produced  in  the 
immediate  neighbourhood  of  the  carpogonium.  Sometimes  it  is 
a filament  producing  small  cells  by  abstriction.  These  fila- 
ments are  known  as  sterigmata,  and  are  borne  in  special  de- 
pressed receptacles  called  spermogonia  (figs.  835  and  836).  The 
separate  cells  correspond  to  antherozoids,  but  are  incapable  of 
motion  and  are  clothed  with  a cell-wall.  They  are  known  as  sper- 
matid. The  result  of  the  union  of  the  contents  of  the  pollinodium 
or  spermatium  with  those  of  the  carpogonium  is  a fructification 
called  the  ascogonium,  which  is  the  sporopliyte  of  the  fungus. 

The  nature  of  these  spermatia  is,  however,  still  disputed. 
Though  in  some  cases  they  appear  to  act  as  male  cells,  in  others 
they  have  been  observed  to  germinate  independently,  that  is  to 
act  as  spores  or  gonidia. 

In  the  simplest  case  of  sexual  union,  which  is  that  of  Ere- 
mascus,  two  hyphjE  coil  round  each  other.  These  correspond 
to  the  carpogonium  and  the  pollinodium  respectively  Their 
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contents  are  said  to  fuse,  and  as  the  result  a large  globular  body 
is  produced  at  the  apex  of  the  coil,  the  contents  of  which  divide 
into  eight  spores. 

In  Eurotium  Aspergillus  (fig.  837)  a little  more  difference 
is  found  between  the  two  hyphse.  The  female  forms  a coil,  and 
from  the  base  of  it  the  pollinodium  arises.  It  becomes  closely 
adpressed  to  the  carpogonium,  and  fusion  of  the  contents  of  the 


Fig.  834. 


Fig. 


835. 


Fig.  830. 


Fig.  834.  Section  of  upper  portion 
of  tlmllus  of  n lichen,  showing 
urehicarps.  a,  b.  Trichogynes. 
p,  f.  Coiled  basal  portion  of 
archicarps.  e.  Nostoc  filaments. 
(/.  Fungal  liypliEB.  After  Kny. 

Fig.  835.  Section  of  spermo- 

gonium  of  a lichen,  a.  Hyphce 
of  the  tliallus.  b.  Algal  cells,  c. 

Sterigmata. Fig.  83G.  Highly' 

magnified  fragment  from  the 
wall  of  a spermogonium  of  I’ar- 
melia  parieliva.  sp.  Articulated 
sterigmata  or  sperniatopliores. 
s.  Spermatic,  gon.  Algai  cells. 


two  is  said  to  occur.  From  the  base  of  the  carpogonial  filament 
other  filaments  arise  which  grow  round  and  envelop  it.  The 
coiled  carpogonium  becomes  septated,  and  from  each  segment  a 
little  protrusion  arises,  which  enlarges  and  becomes  an  ascus,  and 
forms  in  its  interior  eight  'spores.  The  investment  becomes 
also  septated,  and  forms  a thick  wall  to  the  whole  body.  From  its 
pells  ingrowths  arise  which  gradually  fill  up  the  spaces  between 
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the  coils  of  the  earpogonium,  forming  a solid  mass  ot  pseudo- 
parenchyma.  The  body  so  formed  is  then  known  as  the 
ascogonium  or  ascocarp.  From  the  fact  that  it  remains  closed 

Fig.  839. 


a 


Fig.  837. 


Fig.  840. 


c 


Fig.  837.  Development  of  the  cleistothecium  of  Eurotium.  a.  Pollinodium. 
b.  Carpogonium.  c.  The  earpogonium  beginning  to  form  asei.  After 

Kny. Fig.  838.  Mature  cleistothecium  of  Eurotium.  e.  Wall.  d.  Asei 

containing  ascospores.  After  Kny. Fig.  839.  Hymenial  layer  of  tlie 

mycelium  or  hyphae  of  Pezua  convexula.  «,  b,  c,  <1,  r.f.  Successive  stages 
of  development  of  the  asei  and  ascospores  intermixed  with  slender  para- 

physes.  After  Sachs. Fig.  840.  Peritliecium  of  Petit  a (natural  size), 

with  section  showing  hymenial  layer  (slightly  magnified).  After  Kny. 

and  produces  its  spores  internally,  it  is  sometimes  called  a 
c leiatot  heciu  m . 

The  fungus  Collema,  which  is  generally  found  in  symbiotic 
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Fia.  841. 


relation  with  an  Alga,  may  be  taken  as  an  illustration  of  another 
type.  The  female  organ  is  a septated  coiled  filament  embedded 
a little  below  the  surface  of  the  organism  {fig.  834).  Its  upper 
end  is  prolonged  into  a tapering  filament,  the  trichogyne,  which 
projects  above  the  surface.  A spermatium  liberated  from  the 
spermogonium  is  floated  passively  to  the  trichogyne  and  becomes 
attached  to  it.  The  walls  deliquesce  at  the  point  of  contact,  and 
fusion  of  the  contents  takes  place.  The  trichogyne  then  withers 
and  the  carpogonium  develops  and  pushes  its  way  to  the  surface, 
where  it  expands  into  a flattened  disc  which  is  known  as  an 
apothecium.  Hyphse  from  the  sterile  tissue  arc  interwoven 
with  the  filaments  from  the  carpogonium,  so  that  the  apothecium 
is  derived  from  both.  The  surface  layer  of  the  apothecium  is 
known  as  the  hymenial  layer  (figs.  839  and  840).  It  consists  of 
a number  of  asci  derived  from  the  carpogonium,  and  of  sterile 

filaments  springing  from  the  vegeta- 
tive hyphse.  These  are  called  para- 
phijaes.  Each  ascus  develops  eight 
spores  from  part  of  its  protoplasm, 
the  rest  remaining  as  epiplasm. 

In  some  cases  the  apothecium 
persists  for  a long  time  and  pro- 
duces new  asci  towards  its  margins. 

In  some  species  the  fructification 
is  in  the  form  of  a deep  or  shallow 
cup,  sometimes  nearly  closed.  This 
is  called  a pcrilliecvwni  (fig.  840). 

The  group  of  the  Saccharomycetes 
is  now  generally  referred  to  this  sub- 
class. These  plants  arc  represented 
by  the  Yeasts,  which  have  the  power 
of  setting  up  alcoholic  fermentation 
in  sugary  fluids.  They  are  simple 
cells  of  rounded  or  ovoid  form  which 
multiply  with  great  rapidity  by  ‘a 
process  of  budding.  When  growing 
rapidly,  sometimes  chains  of  cells  are 
formed,  owing  to  the  budding  taking 
place  before  separation  of  the  cells. 
Under  certain  conditions,  usually 
when  badly  nourished,  the  yeast  cell  forms  four  spores  by  free 
cell -formation  in  its  interior.  Each  such  cell  may  be  looked 
upon  as  an  ascus  and  the  four  spores  as  ascospores. 


Fi'j.  841.  Stylogonidia  of  Eurolium, 
produced  by  abstrietion  from 
sterigtnata. 


THALLOPHYTA— FUNGI 


95 


Quite  recently  a form  of  sexual  reproduction  has  been  ob- 
served in  one  species  of  Yeast.  Two  cells  lying  close  to  one 
another  put  out  short  necks  or  beaklike  processes,  and  fusion 
of  these  projections  occurs.  Their  contents  mingle,  and  what 
is  apparently  true  conjugation  takes  place,  the  nuclei  fusing 
together.  After  a period  of  rest  the  zygospore  so  formed  gives 
rise  to  true  spores  in  its  interior,  which  are  apparently  indis- 
tinguishable from  those  ordinarily  occurring  in  an  ascus. 

Besides  these  so-called  sexual  processes,  most  of  these  fungi 
can  produce  gonidia  in  great  numbers.  They  are  borne  upon  erect 
aerial  hyp  hie  by  a process  of  abstriction  from  their  terminal  cells 
called  sterigmata  {fig.  841).  Each  sterigma  can  thus  produce  a 
chain  of  gonidia.  Sometimes  the  aerial  hypha  or  gonidiophore 
terminates  in  a single  sterigma,  sometimes  it  branches  near  the 
apex,  forming  several.  Sometimes  the  gonidiophores  are  found 
in  numbers  in  special  receptacles  called  pycnidia. 

We  have  thus  an  alternation  of  generations  in  most  members 
of  the  group,  the  ordinary  mycelium  being  the  gametophyte,  and 
the  ascocarp  the  sporophyte.  Homologous  alternation  almost 
always  occurs,  many  gametophytes  in  succession  bearing  only 
gonidia,  till  one  appears  which  produces  the  sexual  organs.  In 
a few  genera,  however,  no  gonidia  are  found. 

A curious  case  of  homologous  alternation  occurs  in  some 
forms  where  two  kinds  of  gametophyte  are  met  with.  The 
fungus  producing  Ergot  ( Glaviceps ) is  an  example  of  this.  The 
first  form  consists  of  a feltwork  of  mycelium,  filling  the  ovary 
of  the  Rye  or  Wheat  plant,  and  giving  rise,  by  abstriction,  to 
numbers  of  gonidia  {fig.  843).  This  form  is  known  as  the 
Sphacelia.  Later  in  the  year  the  mycelium  becomes  very  dense 
and  hard,  and  protrades  from  the  ear  as  a black  elongated  body 
which  is  known  as  a sclerotium  (fig.  842).  After  a period  of  rest 
extending  through  the  winter,  the  sclerotium  germinates,  putting 
out  a number  of  short  protrusions,  each  composed  of  a number 
of  hyphae.  Each  of  these,  which  are  called  stromata , bears  a 
rounded  head,  which  is  covered  by  a number  of  depressions.  In 
each  depression  is  developed  a perithecium  (figs.  844,  845,  and 
84G),  the  asei  of  which  develop  each  eight  filiform  ascospores 
(fig.  847).  These,  when  they  germinate  on  the  flowers  of  the 
host-plant,  again  produce  the  sphacelia  form. 

Sub-Class  Y. — ^Ecidiomycetes. 

In  this  group  are  included  two  orders  of  parasitic  plants, 
which  are  characterised  by  a still  further  degradation  of  the 
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sexual  processes.  Indeed  it  is  doubtful  if  any  sexual  organs 
exist,  though  a peculiar  form  of  fructification,  the  cvcidium, 
which  occurs  in  some  of  the  members  of  the  group,  has  been  con- 
sidered to  be  homologous  with  the  ascogonium  of  the  preceding 


Fig.  842.  Fig.  843. 


Fly.  HI'.1.  Young  sclerotium,  c,  of  (Haviceps  growing  up  nml  supplanting  the 

old  sphacolia,  sph. Fig.  843.  Section  through  the  junotion  of  the 

sphacelia  with  the  sclerotium  of  Cltivlaejn,  showing  formation  of  gonidia. 


Fig.  844. 


Fig.  845. 


Fii/.  844.  Portion  of  the  horn-shaped  sclerotium  of  Clnviceps  purpurea,  or  the 

Ergot  Fungus,  bearing  four  stromata.- Fig.  845.  Longitudinal  section 

of  a stroma,  magnified,  showing  the  perithecia.  After  Tulasne. 


sub-class.  The  gametophyte  is  consequently  potential  and  not 
actual,  in  most  if  not  in  all  cases.  It  is  very  polymorphic,  and 
bears  several  different  kinds  of  gonidia,  all  produced  by  abstric.- 
tion. 

The  most  characteristic  fungus  of  this  group  is  Puccinia 
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gmminis,  which  forms  the  rust  of  wheat.  It  has  a very  peculiar 
life  history,  inhabiting  two  host-plants  in  different  stages  of  its 
existence.  In  the  first  of  these  it  is  found  infesting  the  stems 
and  leaves  of  Wheat  and  other  grasses,  patches  of  whose  tissues 
are  penetrated  by  an  incompletely  septate  mycelium  which  sends 
haustoria  into  the  cells.  During  the  summer  this  mycelium 
produces  patches  of  gonidia,  each  borne  upon  a short  stalk. 
These  develop  underneath  the  epidermis  of  the  host,  and,  being 
of  a yellow  or  reddish  colour,  give  the  part  a rusty  appearance. 
These  are  known  as  urednspores  or  uredogonidia.  These  escape 
by  rupture  of  the  epidermis  (fig.  848,  A),  and  are  blown  upon 

Fig.  846.  Fig.  847. 


Fi'j.  846.  A single  perithecium  of  Claviceps  purpurea , magnified,  showing  the 

contained  asci.  After  Tulasne. Fig.  847.  Asci  of  the  same,  containing 

the  long  slender  ascospores.  After  Tulasne. 

other  grass  plants,  where  they  germinate,  and  the  hypha  pene- 
tiates  the  host  through  a stoma.  In  the  interior  a mycelium 
is  produced,  which  again  produces  patches  of  uredogonidia. 

Towaids  the  end  of  the  summer  the  same  mycelium  gives 
origin  to  black  patches  which  are  visible  upon  the  straw.  These 
aie  composed  of  numbers  of  gonidia,  two  together  upon  a single 
stalk,  developed  as  before  by  abstriction  (fig.  849).  These, 
which  are  called  teleutospores,  or  teleutogonidia,  have  thick 
black  walls  and  are  very  resistent.  They  remain  quiescent  till  the 
spring,  when  one  or  both  of  them  germinates,  producing  a small 
promyceliuin,  usually  of  four  cells.  Each  cell  puts  out  a small 
gonidiophore,  from  which  a small  gonidium,  called  a sporidium , 

VOL.  II.  „ 
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is  developed  by  abstriction  (fig.  848,  B).  From  a resemblance 
to  the  cells  which  abstrict  the  gonidia  in  the  next  group,  these 
cells  are  sometimes  called  jirotobasidia.  The  sporidium  is  a 
very  small  thin-walled  structure,  and  from  its  lightness  it  is 
easily  transported  by  the  wind.  It  is  incapable  of  developing 
a mycelium  upon  the  grass,  but  if  it  falls  upon  the  leaf  of  the 
Barberry,  it  germinates,  sending  a hyplia  through  the  epidermis, 
instead  of  penetrating  a stoma  like  the  uredogonidium.  The 
mycelium  developed  from  this  hypha  forms  a dense  network  in 
the  intercellular  spaces  of  the  leaf.  At  particular  spots  upon  the 
leaf,  brown  pustules  make  their  appearance,  in  which  two  kinds  of 


Fio.  848.  Fiu.  849. 


A £ 


Fig,  H4H.  A.  Grass  leaf  infested  with  Pucdnia  graminis,  showing  the 
uredospores,  ur,  bursting  through  the  epidermis  of  the  leaf.  It.  Telcuto- 

spore  germinating  and  producing  promycelium  witli  sporidia. Fig.  849. 

Tolcutosporcs  of  IHicdnia  graminis  bursting  through  epidermis  of  straw. 
After  Kny. 

receptacles  appear.  Some  on  the  upper  surface  of  the  leaf  are 
much  like  the  spermogonia  of  the  Ascomycetes,  and  bear  the 
same  name.  They  produce  spermatia  in  the  same  way  as  the 
latter.  Upon  the  under  surface  large  spherical  bodies  are  formed 
(fig,  851),  containing  a hymenial  layer  of  sterigmata  which 
cut  off  from  their  apices  a succession  of  gonidia  known  as 
(ccidio gonidia.  There  are  large  numbers  of  chains  of  these  thus 
produced  in  the  globular  mass,  which  is  known  as  an  atcidium. 
The  whole  secidium  has  a wall  derived  from  the  sterile  byphae. 
When  mature  it  ruptures  and  the  gonidia  escape.  These  are 
carried  in  their  turn  to  other  grass  plants,  and  there  germinating, 
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reproduce  the  uredo  form,  entering  the  grass  through  the 
stomata. 

This  plant  and  those  like  it,  which  thus  inhabit  two  host- 
plants  in  their  life  cycle,  are  called  lieteroecious. 

There  are  many  of  these  rusts,  which  vary  in  several  ways. 
The  teleutogonidia  sometimes  occur  in  strings  of  more  than  two. 
Sometimes  the  secidium  form  inhabits  the  same  host  as  the  uredo 
form,  when  the  fungus  is  said  to  be  autcecious.  Sometimes  again 
one  or  the  other  phase  of  the  life  cycle  does  not  occur. 

Fig.  850.  Fig.  851. 


FUj.  850.  Group  of  three  uredospores,  «/•,  and  one  teleutospore,  I,  springing 

from  mycelium,  sh. Fig.  851.  Section  through  leaf  of  the  Barberry 

infested  with  Puednia  graminis.  o.  Epidermis  of  upper  surface  of  leaf. 

*/'■  Spermogouia.  p,  p.  Layers  of  cells  ( peridium ),  surrounding  a,  n,  the 
secidium  fruits.  After  Sachs. 

Though  the  fecidium  is  held  by  some  to  correspond  to  the 
ascocarp  or  ascogonium  of  the  Ascomycetes,  no  sexual  process 
causing  its  development  has  been  discovered. 

The  rusts  constitute  the  family  of  the  Urediness,  named  from 
the  uredo  form  of  the  fungus. 

The  other  family  included  in  this  sub-class  is  that  of  the 
Ustilaginete,  or  smuts.  They  differ  from  the  Uredinete  in  not 
producing  tecidia.  Like  them  the  mycelium  infests  the  tissue 
of  grasses,  ultimately  making  its  way  into  the  ovary  of  the 
latter,  replacing  its  normal  contents  by  a mass  of  black  resting 

n 2 
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gonidia.  These  when  liberated  germinate,  forming  a small  pro- 
mycelinm  on  which  sporidia  of  curious  shape  are  borne.  These 
sporidia  sometimes  coalesce  in  pairs,  sometimes  remain  separate. 
On  germination  they  either  produce  the  original  form  of  my- 
celium, or  give  rise  to  another  promycelium  bearing  sporidia. 
The  latter  then  produce  the  first  form. 

Sub-Class  VI.— Basidiomycetes. 

This  group  includes  the  Mushrooms,  Puff-halls,  &c.  It  is 
characterised  by  the  entire  absence  of  sexual  reproductive 

Fig.  852. 


d 


Fit/.  852.  Development  of  the  Mushroom,  c.  Mycelium,  b.  Early  stage  of 
the  development  of  the  gonidiopliore.  d.  Later  stage,  showing  origina- 
tion of  the  gill-chamber,  a.  Later  stage,  showing  commencement  of 
formation  of  the  gills.  After  Sachs. 

organs.  The  mycelium,  which  is  incompletely  septate,  burrows 
throughout  the  substratum  on  which  the  fungus  grows,  and 
sends  up  above  the  surface  large  fructifications  which  bear  the 
spores  or  gonidia.  These  are  formed  by  abstriction  from  special 
cells  known  as  basidia,  which  give  the  name  to  the  group.  The 
form  of  the  fungus  is  always  that  of  a potential  gametophyte, 
but  the  power  of  producing  gametes  is  absent. 
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The  distinguishing  feature  of  the  group  is  the  large  sub-aerial 
fructification  or  gonidiophore.  Several  varieties  of  this  are 
found,  of  which  the  most  familiar  is  that  produced  by  the  common 
mushroom  ( Agaricm  campestris)  (fig.  852).  A conical  or  pear- 
shaped  outgrowth  appears  upon  the  mycelium,  consisting  of  a 


number  of  hyplne  closely 
cohering  together  and  grow- 
ing at  their  apices.  The 
direction  of  the  growth  soon 
changes,  the  hyplne  spread- 
ing outwards  to  form  a 
prominent  head  which  ex- 
tends centrifugal]  y.  An  an- 
nular cavity  is  formed  in 
this  near  its  lower  part, 
which  increases  in  size  as 
the  head  extends.  The  head 
can  now  be  recognised  as 
distinct  from  the  lower  por- 
tion of  the  hyphal  mass, 
and  is  known  as  the  pileus, 
the  lower  part  or  stalk 
being  called  the  stipes.  In 
the  air  cavity  a number 
of  plates  or  lamellae  are 
developed,  which  radiate 
from  the  centre  to  the  cir- 
cumference. These  form 
the  gills  of  the  mushroom, 
and  on  them  the  spores  or 
gonidia  are  developed.  As 
the  growth  of  the  stipes  pro- 
ceeds, the  part  of  the  pileus 
below  the  air  cavity  be- 


Fio.  853. 


comes  very  much  stretched  Fig.  853.  A.  Section  of  five  gills  of  the  Musli- 

and  forum  a membrane  ev  r00m-  “•  One  Kiu  ™°re  highly  magnified, 

anu  forms  a membrane,  ex-  f Trnmu  ,,  HV,„enial  layer,  o.  Hymeuiai 

tending  from  the  stipes  to  and  snb-hyinenial  layers,  h.  Basidia.  </. 
the  lower  margin  of  the  SSSTSST  AJSST*  * ***»* 
pileus.  It  ultimately  rup- 
tures and  leaves  the  gills  exposed.  This  membrane  is  known 
as  the  velum  partiale.  The  gills  are  composed  of  hyphfe, 
which  run  parallel  along  their  length,  ultimately  curving 
slightly  outwards.  These  constitute  the  trama  (fig.  853,  /),  and 
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are  covered  by  the  hymenial  layer , which  is  composed  of  short 
cells  derived  from  the  hyphas  of  the  trama,  set  at  right  angles 
to  its  long  axis.  These  cells  are  of  two  kinds,  sterile  ones,  or 
paraphyses,  and  those  which  give  rise  to  the  gonidia,  the  basidia. 
Each  basidium  puts  out  two  or  four  delicate  outgrowths,  closely 
resembling  those  of  the  promycelium  of  the  Uredinese,  and 
from  each  of  these  a single  gonidium  or  spore  is  abstricted. 
These,  from  their  mode  of  origin,  are  known  as  basidiospores 
or  basidio gonidia  (fig.  853,  c,  g).  A layer  of  small  cells  closely 
packed  together  lies  between  the  hymenial  layer  and  the 
trama.  It  is  called  the  sub -hymenial  layer  (fig.  853,  j). 

The  form  of  the  fructification  varies  a good  deal  in  different 
groups.  In  some  the  hymenium  is  exposed  from  its  first 
formation ; in  others  it  is  covered  for  a time  by  the  velum 
parliale ; in  yet  others  it  is  always  surrounded  by  a membrane, 
which  is  then  known  as  the peridium,  as  in  the  Gasteromycetes, 
or  the  velum  universale,  us  in  some  Agaricinte.  The  hymenium 
is  also  variously  arranged;  in  the  true  mushrooms  it  covers 
the  gills  as  described ; in  the  family  Polyporeae  it  lines  pits  or 
tubes  on  the  under  surface  of  a flattened  expansion ; in  the 
Gasteromycetes  it  is  formed  in  the  interior  of  the  fructification 
in  a number  of  chambers. 

The  basidia  are  usually  unicellular,  but  in  one  group,  the 
Protobasidiomycetes,  they  are  divided  by  septa,  sometimes 
transverse,  sometimes  longitudinal,  forming  four  cells,  each  of 
which  produces  a single  gonidium.  Those  forms  approach  the 
promycelium  of  the  Urcdinca;  very  closely. 

Vegetative  reproduction  occurs  in  this  group,  by  the  forma- 
tion of  gemma;,  which  commonly  arise  on  the  vegetative 
mycelium  as  oidium  cells  (page  82).  Some  of  the  Basidio- 
mycetes  also  produce  sclerotia,  masses  of  closely  matted  hyphse 
which  may  become  detached  from  the  mycelium  and  germinate 
after  a period  of  quiescence. 


In  recent  years  the  investigations  of  Brefeld  and  his  pupils 
have  led  to  a different  classification  of  the  Fungi,  for  which 
there  is  much  to  be  said. 

The  Myxomycetes  are  taken  out  of  the  group  and  made  a 
separate  class,  of  equal  position  to  the  Algffi  and  Fungi,  great 
stress  being  laid  on  their  resemblance  to  the  animal  Mycetozoa 
or  Rhizopods. 

The  Fungi  proper  are  subdivided  into  three  classes,  and 
these  into  sub-classes  as  under  : — 
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Class  I.  Phycomycetes. 

Sub-Class  1.  Zygomycetes. 

Sub-Class  2.  Oomycetes. 

Class  II.  Mesomycetes. 

Sub-Class  1.  Hemiasci. 

Sub- Class  2.  Hemibasidii. 

Class  III.  Mycomycetes. 

Sub-Class  1.  Ascomycetes. 

Series  1.  Exoasci. 

2.  Carpoasci. 

Additional.  Ascolichenes. 

Sub-Class  2.  Basidiomycetes. 

Series  1.  Protobasidiomycetes. 

2.  Autobasidiomycetes. 
Additional.  Basidioliclienes. 

Additional.  Fungi  imperfecti.  • 

According  to  this  school  these  groups  can  be  arranged  in  the 
form  of  a ti’ee,  indicating  the  probable  line  of  descent  or  succes- 
sion of  foi’ms.  The  Phycomycetes  are  held  to  be  the  primitive 
type  and  to  be  descended  from  sporangia-bearing  Chloro- 
phycece. 

Phycomycetes 


Zygomycetes  Oomycetes 


Hemiasci  Hemibasidii  . . Mesomycetes. 

I .1 

Ascomycetes  Basidiomycetes  . Mycomycetes. 

The  Phycomycetes  form  the  lowest  group  and  include  all 
the  forms  which,  in  addition  to  asexual  reproduction,  show  the 
sexual  method  by  fusion  of  differentiated  gametes.  They  thus 
include  the  Mueorini,  the  Peronospore®,  and  the  Saprolegniaceae. 

The  Mesomycetes  comprise  the  intermediate  forms  between 
the  Phycomycetes  and  the  Ascomycetes  and  the  Basidiomycetes 
respectively.  They  approach  the  latter  in  their  vegetative  organs, 
especially  their  incompletely  septate  mycelium.  They  differ  from 
them  in  not  possessing  definite  asci  or  basidia.  They  have  no 
sexual  organs,  differing  thus  from  the  Phycomycetes. 
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The  Hemiasci  are  a small  and  comparatively  unimportant 
group  ; the  Hemibasidii  include  the  Ustilaginete,  or  smuts. 

Through  the  Mesomycetes  the  line  of  descent  passes  to  the 
Ascomycetes  on  the  one  side  and  the  Basidiomycetes  on  the 
other,  which  together  form  the  group  of  the  Mycomycetes. 
These  have  septate  byplise,  and  produce  their  asexual  repro- 
ductive cells  at  some  time  or  other  in  asci  or  on  basidia. 
Sexual  reproduction  is  unknown,  except  the  doubtful  cases 
mentioned  as  occurring  in  the  Ascomycetes. 

The  Ascomycetes  embrace,  generally  speaking,  the  forms 
included  under  the  same  name  in  the  older  classification,  except 
that  the  Saccharomycetes  are  excluded.  The  Ascolichenes  are 
held  to  belong  to  this  group  and  are  not  put  into  a separate 
class.  The  Ascomycetes  are  divided  into  two  series,  the 
Exoasci,  where  the  asci  are  simple  and  free,  and  the  Carpoasci, 
where  they  are  gathered  into  the  various  forms  of  fructification 
already  described. 

The  Basidiomycetes  are  a larger  group  than  in  the  old 
system,  as  the  Uredineaj  are  included  in  it.  The  latter  are 
referred  to  the  series  Protobasidiomycetes  on  account  of  the 
mode  of  germination  of  the  teleutospore,  which  gives  rise  to 
what  has  been  already  described  and  has  so  far  been  called  a 
promycelium  on  which  are  borne  sporidia.  This  promycelium 
is  held  to  be  a protobasidium,  from  each  cell  of  which  a 
basidiospore  is  segmented.  The  Autobasidiomycetes  comprise 
what  under  the  older  system  were  called  Basidiomycetes,  except 
the  Auriculariaccse  and  the  Tremellacese,  which,  with  the 
Uredineee,  form  the  first  series. 

The  Basidiolichenes  are  held  to  be  members  of  this  group, 
though  they  are  not  referable  to  either  of  the  two  series. 

Finally,  the  Saccharomycetes  are  separated  from  the  rest  on 
the  ground  that  their  life  history  is  very  imperfectly  known, 
and  that  they  possibly  are  only  stages  in  the  life  cycle  of  some 
polymorphic  form  of  the  higher  Fungi.  They  are  classified  as 
an  additional  group  under  the  name  Fungi  iniperfecti. 
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Class  III.— LICHENES. 

The  propriety  of  considering  the  Lichens  as  a separate  class 
is  perhaps  open  to  discussion.  Before  their  true  nature  was 
understood  they  ranked  as  such,  but  when  they  were  ascertained 
to  be  largely  fungal  in  their  composition,  and  to  contain  algie  in 
their  tissues,  they  were  perhaps  hastily  relegated  to  the  Fungi, 
assuming  them  to  be  parasitic  on  the  algae  within  them. 
Further  study  has  shown  them  to  be  symbiotic  organisms,  the 

Fig.  854. 


/ 

Fi<j.  854.  A.  1'snea  bargain,  a fruticose  lichen  (natural  size).  B Sticta 
pulmonacea,  a foliaceous  lichen.  a.  Apothecia.  After  Sacha. 


alga  and  the  fungus  living  together  to  the  mutual  advantage 
of  both.  The  constituents  may  also  sometimes  vary,  the  same 
alga;  growing  with  different  fungi  and  vice  versa.  They  may 
consequently  be  restored  to  something  of  their  old  position. 

The  lichens  are  lhallophytes  of  various  form,  living  on  old 
trees,  rocks,  &c.,  and  presenting  always  a peculiar  withered 
appearance.  According  to  their  habit,  they  may  be  divided  into 
J r u ticose,  foliaceous,  and  crvstctceous  lichens. 

The  fruticose  forms  have  an  erect  thallus,  which  branches  in 
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a somewhat  shrubby  fashion.  A typical  lichen  of  this  typo  is 
TJsnea  barbata  (fig.  854,  A).  The  foliaceous  ones  are  flattened 
and  grow  closely  and  pressed  to  the  substratum.  Thethallus  is 
wavy  and  its  margin  lobed.  The  crustaceous  forms  are  usually 

very  indistinct,  their  outline 
indefinite,  and  only  their 
fructification  distinctly  seen. 
They  become  so  attached  to 
their  substratum  that  they 
cannot  bo  detached  from  it 
completely  without  injury 
(fig.  855). 

In  composition  the  thal- 
lus  consists  of  a fungoid 
mycelium,  which  is  very 
closely  matted  together. 
It  includes  in  its  substance 
certain  algae,  which  may 
be  distributed  throughout 
it  or  confined  to  a definite 
layer  near  the  upper  surface, 
constituting  the  homoiome- 
rous  and  hcteromerous  kinds 
respectively.  In  the  former 
case  the  algse  generally  be- 
long to  the  Cyanophycete, 
and  in  the  latter  to  the 
Ghlorophycese.  This  dis- 
tinction is,  however,  by  no 
means  absolute.  The  fungal  constituents  are  chiefly  referable  to 
the  sub-class  Ascomycetcs,  and  so  great  is  their  prominence  that 
the  whole  group  has  by  some  botanists  been  described  as  a family 
of  this  sub-class.  Other  fungi,  however,  are  now  known  to  enter 
into  the  symbiotic  relationship  with  algae,  especially  several 
belonging  to  the  Basidiomycetes. 

The  proof  of  the  true  character  of  the  lichens  is  based  upon 
the  facts  that  the  two  organisms  can  be  cultivated  separately, 
and  that  if  the  spores  of  one  of  the  fungi  be  sown  among  some 
of  the  algae  the  composite  organism  can  be  produced. 

A section  of  the  body  of  one  of  the  hcteromerous  foliaceous 
lichens  is  shown  in  fig.  856,  where  the  distribution  and 
character  of  the  fungal  mycelium  are  shown,  g is  the  layer  of 
algae  which  are  symbiotic  with  the  fungus.  In  the  lruticose 


Fig.  855. 


Fig.  855.  A,  II.  Graphis  eXetjam,  a crustaceous 
lichen  growing  on  the  bark  of  the  Holly. 
A.  Natural  size.  //.  Slightly  magnified.  C. 
Pi’/tiimrin  Wvlfeni,  another  crustaceous 
lichen  (slightly  magnified).  After  Snclis. 
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forms  the  centre  of  the  branches  is  occupied  by  a dense  strand  of 
hyphffi  running  longitudinally.  This  is  surrounded  by  a looser 
layer  which  is  in  turn  enclosed  by  a compact  cortex.  The  algae 
are  found  in  the  loose  tissue. 

The  reproductive  organs  of  the  lichen  are  always  produced 
by  the  fungal  constituent, 
apothecium,  and  is  said  in 
some  cases  to  be  produced 
after  the  fusion  of  a sper- 
matium  with  the  trichogyne 
of  an  archicarp,  as  described 
in  the  case  of  Collema  (page 
94).  In  most  cases  no 
sexual  process  has  been 
observed. 

The  hymenial  layer  of 
the  fructification  of  the  form 
into  which  a basidiomycete 
enters  has  basidia  and  para- 
physes  like  those  of  the 
ordinary  Basidiomycetes. 

The  mode  of  growth  of 
the  lichen  is  in  most  forms 
determined  by  the  fungus 
constituent,  the  algae  divid- 
ing and  multiplying  as  the 
thallus  extends.  In  some 
cases  the  alga;  are  more 
prominent,  the  fungus-hy- 
pha;  being  very  fine  and 
delicate.  The  algae  occupy 
nearly  the  whole  substance  of  the  branches,  and  are  covered  by 
a gelatinous  envelope  derived  from  their  cell-walls.  In  this 
the  delicate  fungus-hyphte  ramify. 

The  lichens  reproduce  themselves  vegetatively  by  formin 
peculiar  gemmae  termed  soredia.  These  are  composed  of 
small  bundle  of  fungal  filaments  investing  a few  algal  cells. 
They  are  cast  off  from  the  surface  of  the  thallus  and  speedily 
reproduce  it. 

The  Alga;  which  take  part  in  the  composition  of  lichens  are 
usually  very  simple  unicellular  or  filamentous  forms,  such  as 
Xostoc,  Chroococcus,  Scytonema,  Protococcus,  &c.  Rarely 
higher  forms  are  found,  such  as  members  of  the  Coleo- 
chadaceie. 


The  fructification  is  usually  an 


Fig.  856. 


Fig.  856  Transverse  section  of  the  thallus  of 
.Slid a f uliginosa  ( x 300).  o.  Cortical  layer 
of  the  upper  side  ; w,  of  the  under  side,  r,  r, 
Attaching  fibres,  m.  Medullary  layer,  con- 
sisting of  fungal  hyphre.  </.  The  algal  cells. 
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CHAPTER  IY. 

Group  II. 

BBYOpHYTA. 

The  plants  of  this  group  show  a great  advance  in  complexity 
of  structure  when  compared  with  the  Thallophyta.  There  is  a 
well-marked  antithetical  alternation  of  generations,  the  gameto- 
phyte  giving  rise  to  the  sporophyte  uniformly  as  the  result  of 
the  fertilisation  of  a female  sexual  cell.  The  spore  on  germi- 
nating always  produces  a gametophyte. 

The  gametophyte  is  the  body  which  is  usually  termed  the 
plant,  the  sporophyte  is  a stalked  spherical  or  ovoid  structure 
which  arises  upon  it  and  never  lias  a separate  existence.  The 
gametophyte  shows  considerable  morphological  differentiation  ; 
in  the  lower  forms  it  is  a thallus  ; in  some  a little  higher  it  is  a 
thalloid  stem  hearing  a few  rudimentary  leaves;  in  the  highest 
forms  it  is  a leafy  shoot.  There  are  never  any  true  roots,  but 
a number  of  unicellular  rhizoids,  or  of  multicellular  filaments, 
attach  it  to  the  soil.  It  always  contains  chlorophyll,  the 
arrangement  of  the  plastids  presenting  considerable  variety. 

The  gametophyte  consists  of  two  parts.  When  the  spore 
germinates  it  does  not  at  once  produce  what  we  recognise  as 
the  plant,  but  gives  rise  to  a structure  called  the  iyr°toncma 
(Jig.  857),  which  is  in  some  cases  a flattened  plate-like  body  and 
in  others  a much-branched  filament.  Upon  this  protonema 
the  plant  arises  usually  as  a lateral  bud,  which  grows  up  into 
the  form  of  the  adult  gametophyte. 

The  protonema  contains  chloroplastids  in  all  its  cells  ; it 
exists  usually  for  a short  time  only,  though  in  some  of  the 
Mosses  it  persists  for  a long  period.  Generally  in  the  Hepatic® 
the  protonema  gives  rise  to  only  one  plant ; in  the  Mosses,  on  the 
other  hand,  several  may  spring  from  it. 

The  anatomical  differentiation  of  the  gametophyte  is  not 
yery  great.  The  tissue  is  nearly  all  parenchymatous,  but  in 
some  of  the  Mosses  there  is  in  the  axis  an  indication  of  vascular 
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tissue  occupying  the  centre.  This  is,  however,  very  rudimentary  , 
true  vessels  or  tracheids  never  being  found.  A similar  tissue 
occurs  in  the  midribs  of  the  leaves  in  some  species.  The  epidermis 
is  not  completely  differentiated  and  bears  no  stomata.  The 
apical  meristem  is  usually  well  defined,  and  consists  in  some 
cases  of  a single  apical  cell  and  in  others  of  a group  of  such  cells. 

The  sexual  organs,  borne  only  on  the  gametophyte,  are  of 
two  kinds,  antheridia  giving  rise  to  antherozoids  or  spermato- 
zoids,  and  archegonia,  containing  each  an  oospliere.  In  most 
cases  they  arise  in  groups,  often  on  special  receptacles,  or  at  the 
apices  of  leafy  shoots.  They  are  generally  surrounded  by  some 


Fig.  857. 


Fig.  857.  Protonema  of  Moss.  A.  Early  stages  of  germination  of  spore. 
It.  Developed  protonema,  on  which  young  bud,  k tv,  is  formed,  which  will 
give  rise  to  the  moss  plant.  After  Sachs. 


arrangement  for  protection,  being  either  embedded  in  the  tissue 
of  the  receptacle  or  furnished  with  foliaceous  investments.  The 
antheridia  are  club-shaped,  spherical,  or  ovoid  bodies,  furnished 
with  a stalk  (figs.  858  and  8G5).  They  consist  of  a wall  composed 
of  a single  layer  of  cells,  and  a mass  of  cells  in  the  interior,  each 
of  which  gives  rise  to  a spirally  coiled  body  furnished  with  two 
long  cilia  and  known  as  a spermatozoid  or  antherozoid.  The 
cells  in  which  the  latter  bodies  are  developed  are  known  as 
mother  cells.  "When  the  antheridium  is  mature  it  bursts,  and 
the  mother  cells  escape,  the  spermatozoids  being  discharged 
from  them  later  (fig.  859,  a).  Each  antheridium  produces  a large 
number  of  the  latter. 
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The  archegonia  are  flask-shaped  bodies,  provided  with  a short 
stalk  and  a long  neck  (fig.  866).  The  swollen  portion  at  the 
base  is  the  venter  and  contains  the  oospliere.  The  wall  of  the 
venter  is  continued  upwards  to  form  the  neck.  Within  the  wall, 
extending  down  the  neck  and  into  the  venter  is  a single  row  of 
cells,  the  lowest  one  of  which  gives  rise  to  the  oospliere,  and  the 


Fig.  858. 


Fig.  859. 


A B 


Fig.  85H.  Vertical  section  through  apex  of  male  plant  of  a Moss,  Mnium 

homum  (x40).  an.  Antlieridia.  par.  Paraphyses. Fig.  859.  a.  An- 

therozoicls  of  Moss  ( x 1200).  it.  Antlierozoids  of  Fern  ( x 700). 


remainder  are  known  as  the  neck-canal-cells.  Before  forming 
the  oospliere  the  lowest  cell  divides  into  two,  of  which  the  upper 
one  is  the  smaller,  and  is  known  as  the  ventral  canal-cell.  The 
other  one  is  the  oospliere.  The  terminal  cells  of  the  neck 
separate  when  the  archegonium  is  mature.  The  neck-canal-cells 
and  the  ventral  canal-cell  become  converted  into  a kind  of 
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mucilaginous  material,  so  that  a spermatozoid  can  make  its  way 
down  the  neck  to  the  oosphere,  and,  fusing  with  it,  form  the 
zygote  or  oospore. 

The  process  of  fertilisation  is  rendered  possible  by  the  fact 
that  the  surface  of  the  plant  is  generally  moistened  by  rain  or 
dew.  The  liberated  spermatozoid  can  make  its  way  about  in 
this  moisture,  swimming  by  means  of  its  cilia.  It  appears  to  be 
attracted  to  the  archegonium  by  the  mucilaginous  contents  of 
the  neck,  which  escapes  when  the  lid-cells  of  the  neck  separate. 
This  is  said  to  contain  a sugar,  possibly  cane-sugar,  which  is  the 
attractive  matter. 

The  oospore  germinates  at  once,  without  becoming  detached 
from  the  archegonium.  It  divides  into  two  cells  by  a wall, 
known  as  the  basal  wall,  forming  an  epibasal  and  a hypobasal 
half.  The  former  gives  rise,  by  further  segmentation  and 
division,  to  the  body  of  the  sporophyte,  which  is  a capsule  known 
as  the  sporogonium.  The  hypobasal  cell  usually  in  a similar 
way  develops  a structure  known  as  the  foot,  which  attaches  the 
young  sporogonium  to  the  gametophyte.  There  is  no  continuity 
of  tissue,  however,  between  the  two  ; the  foot  forms  a means  of 
attachment  only,  and  serves  to  absorb  nutriment  from  the 
gametophyte.  In  some  forms  the  foot  is  not  developed  from 
the  hypobasal  cell,  which  does  not  divide  at  all,  but  remains 
rudimentary  and  functionless.  Then  a foot  is  derived  from  the 
lower  part  of  the  mass  which  is  of  epibasal  origin.  In  the 
Riccieae  there  is  no  foot,  but  both  hypobasal  and  epibasal  cells 
go  to  form  the  capsule.  In  some  cases  the  capsule  is  developed 
only  from  the  upper  part  of  the  epibasal  mass,  the  lower  part 
forming  a more  or  less  elongated  seta  or  stalk. 

As  this  development  takes  place  from  the  oospore  in  situ, 
the  growth  of  the  sporophyte  is  attended  by  changes  which 
take  place  in  the  archegonium.  The  venter  of  the  latter  grows 
as  the  sporophyte  increases  and  forms  an  investment  to  it  which, 
in  the  forms  with  sessile  sporogonia,  remains  surrounding  it  till 
the  spores  are  ripe.  In  the  stalked  forms  it  is  ruptured  by  the 
elongation  of  the  seta,  and  in  the  Mosses  is  carried  up  on  the 
top  of  the  capsule.  This  investment  is  known  as  the  calyptra. 
When  it  is  ruptured  the  part  which  remains  at  the  base  of  the 
seta  and  forms  a sheath  to  it,  is  known  as  the  vaginula. 

The  body  of  the  sporogonium  soon  shows  a differentiation 
into  an  external  portion  known  as  the  cmi/phithecium  and  an 
internal  part  called  the  cnclothedum.  In  the  higher  forms  an 
air  space  arises  in  the  inner  part  of  the  amphithecium,  which  is 
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bridged  over  by  strands  of  cells.  The  amphithecium  gives  rise 
generally  only  to  the  wall  of  the  capsule,  but  in  one  or  two 
families  the  sporogenous  tissue  is  derived  from  it.  In  most 
cases  the  latter  springs  from  either  the  whole  or  part  of  the 
endothecium.  In  the  latter  case  a central  portion  of  the  tissue 
remains  sterile  and  constitutes  the  columella. 

The  spores  are  derived  from  a mass  of  cells  which  are  early 
marked  off  by  the  richness  and  granularity  of  their  contents. 
These  are  known  as  the  archesporium.  In  most  cases  in  the 
Hepatic©  the  whole  of  the  endothecium  becomes  sporogenous ; 
in  the  remainder  ( Anthocerotaceee ) the  archesporium  is  the  inner 
layer  of  the  amphithecium.  In  the  Mosses  it  is  generally  the 
outer  layer  of  the  endothecium ; the  Sphagnace©  forming  an 
exception,  behaving  like  Anthoceros.  In  the  genus  ArcMdium 
of  the  Mosses  the  sporogenous  tissue  is  found  in  the  endothecium, 
but  is  not  regularly  arranged  as  in  the  other  groups. 

In  the  Hepatic©  the  archesporium  consists  of  cells  which  are 
of  two  kinds,  some  sporogenous,  giving  rise  to  spores,  others 
sterile,  generally  becoming  elongated  and  narrow,  with  a peculiar 
spiral  thickening  on  their  walls.  These  are  known  as  elaters  ; 
they  help  to  disperse  the  spores  when  the  capsule  opens,  becoming 
suddenly  elongated  by  virtue  of  the  longitudinal  extension  of  the 
spiral  band.  Elaters  are  absent  from  one  family  of  the  Hepatic©, 
the  Ricciece,  where  all  the  archesporial  cells  are  sporogenous. 

The  sporogenous  tissue  of  the  archesporium  consists  of  a 
number  of  cells  with  granular  contents.  Sometimes  a good  deal 
of  cell-division  goes  on  in  this  area,  sometimes  not.  Eventually 
what  are  known  as  the  mother  cells  of  the  spores  constitute  its 
substance.  In  each  of  these  four  spores  are  produced  by  free  cell- 
formation  in  the  way  already  described.  They  are  situated  at 
points  corresponding  to  the  four  angles  of  a tetrahedron,  and  the 
groups  are  often  spoken  of  as  tetrads.  Before  the  spores  are 
fully  developed  the  mother  cells  separate  from  each  other,  and 
later  the  spores  themselves  are  set  free  from  the  latter,  each 
being  now  a mass  of  protoplasm,  covered  by  a cell-wall  of  two 
coats  which  the  latter  has  secreted  round  itself. 

The  spores  are  liberated  by  the  rupture  of  the  capsule  or  its 
decay.  When  rupture  takes  place  it  may  be  irregular,  or  by 
splitting  into  valves,  or  by  the  separation  of  the  upper  portion  in 
the  form  of  a lid  known  as  the  operculum. 

The  sporogonium  thus  formed  shows  a certain  morphological 
differentiation,  there  being  in  the  segmentation  of  the  zygote  an 
indication  of  the  formation  of  root  and  shoot,  the  latter  being  the 
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result  of  the  development  of  the  epibasal  cell,  while  the  root  is 
represented  by  the  body  developed  from  the  hypobasal  one  (see 
vol.  i.  p.  11).  The  shoot  is  not  differentiated  morphologically, 
always  being  a thallus  and  never  bearing  leaves. 

Besides  the  regular  sexual  reproduction,  leading  to  antithetical 
alternation  of  generations  as  described,  the  gametophyte  may  and 
often  does  reproduce  itself  vegetatively,  giving  rise  to  a kind 
of  homologous  alternation  also.  It  rarely  possesses  the  power  of 
forming  gonidia,  which  we  have  seen  to  be  so  common  among 
the  Thallophytes.  It  often,  however,  produces  gemmce  upon  some 
part  of  its  surface.  These  gemmae  have  a very  varied  distribution ; 


Fig.  860. 


/■'i'j.  860.  Section  of  cup-shaped  receptacle 
of  Marchanlia,  in  which  gemma:,  a,  are 

being  developed. Fig.  861.  A.  Aulo- 

comnirm  androgynum,  showing  gemmre 
borne  upon  a long  stalk.  IS.  Collection 
of  gemma:  magnified. 


Fig.  861. 
A 


in  many  Hepatic*  they  arise  in  cup-shaped  receptacles  upon  the 
upper  surface  (figs.  860  and  865);  in  others  they  are  developed 
upon  the  leaves;  in  the  Mosses  a collection  of  them  is  sometimes 
found  upon  a long  stalk  (Aulocomnion)  (fig.  861),  or  they  may 
occur  upon  the  axis  or  on  the  rhizoids.  They  are  generally 
flattened  masses  of  cells,  sometimes  with  definite  growing  points. 
Most  mosses  can  put  out  protonemal  filaments  from  various  parts 
of  their  surface,  which  can  develop  new  plants  as  did  the  original 
protonema.  Frequently  branches  are  separated  from  the  plant 
by  the  dying  away  of  the  older  tissue  at  their  bases,  and  these 
then  become  fresh  plants. 

The  Bryophyta  include  the  two  classes  of  the  Hcpaticce  or 
Liverworts,  and  the  Musci  or  true  Mosses. 

VOL.  II. 
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Class  IV. — TIEPATIChE  (LIVERWOBTS). 

The  differences  which  are  met  with  between  this  group  and 
the  succeeding  one  chiefly  concern  the  sporopliyte.  In  the 
Hepatic®  the  sporogonium  is  never  set  free  from  the  calyptra 
till  the  spores  are  mature  ; the  calyptra  is  never  carried  up  as  a 
cap! to  the  sporogonium,  hut  the  whole  of  it  remains  as  a 
vaginula;  there  is  no  gradual  elongation  of  the  seta.  Except  in 
the  Anthocerotacese  there  is  no  columella  in  the  sporogonium, 
but  the  whole  of  the  endothecium  becomes  the  archesporium  ; 
except  in  the  Riccieie  sterile  cells,  generally  elaters,  are  developed 
as  well  as  spores  from  the  archesporial  tissue.  The  vegetative 
body  is  less  differentiated  anatomically  than  in  the  Mosses  ; 
there  is  never  any  vascular  tissue  indicated  in  either  sporopliyte 
or  gametophy  te,  nor  are  stomata  present  in  the  epidermis  of  the 
former,  except  in  Antlioceros. 

There  are  two  types  of  structure  found  in  the  group,  in  one 
of  which  the  gametophyte  is  a thallus  or  thalloid  shoot,  in 
the  other  it  is  a leafy  shoot.  These  are  spoken  of  as  thallose 
and  folio 86  respectively.  The  former  include  the  two  orders 
Marchantiacete  and  Anthocerotacete,  the  latter  are  found  among 
the  Jungermanniaceee. 

Thallose  Liverworts. — One  of  the  commonest  representa- 
tives of  the  thallose  liverworts  is  Marcliantia  % wlymorpha , the 
structure  of  which  may  he  described  in  detail.  From  the  spore 
there  is  developed  a small  protonema,  which,  at  first  filamentous, 
expands  into  a flat  cellular  plate,  on  which  the  body  of  the  plant 
arises  by  budding.  This  has  a thick  creeping  dichotomously 
branching  thalloid  stem,  from  the  under  side  of  which  a number 
of  rhizoids  are  given  off.  It  also  bears  on  the  lower  surface 
two  rows  of  scaly  leaves.  The  upper  surface  is  somewhat 
corrugated  and  bears  the  sexual  organs  on  special  receptacles 
or  gametophores  ; it  also  gives  rise  to  a number  of  circular 
gemmie-cups  or  cupules,  in  which  the  gemmae  arise  from  super- 
ficial cells  {fig.  865). 

The  shoot  is  dorsiventral,  the  two  surfaces  showing  marked 
differences  in  structure. 

The  upper  surface  is  marked  by  somewhat  indistinct  lines, 
dividing  it  into  a number  of  lozenge -shaped  or  rhomboidal  areas, in 
the  centre  of  each  of  which  is  a peculiar  opening  or  pit  leading 
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into  an  air-cbamber,  which  is  bounded  above  by  a single  layer 
of  cells  forming  the  upper  epidermis.  From  the  bottom  of  this 
cavity  arise  a number  of  short  filaments  which  contain  numerous 
chloroplastids  (fig.  862).  The  pit  or  opening  is  bounded  by  a 
number  of  tiers  of  cells,  constituting  what  is  sometimes  called  a 
stoma.  It  is  not,  however,  a true  stoma,  as  the  cells  have  no 
power  of  opening  or  closing  the  aperture  (fig.  863). 

Below  the  layer  of  air-chambers  the  thallus  consists  of 
several  layers  of  elongated  thin-walled  or  but  slightly  thickened 
parenchymatous  cells  which  have  no  intercellular  spaces  and 
which  contain  few  chloroplastids.  These  cells  become  smaller 
and  more  compact  as  the  ventral  surface  is  approached.  The 
outer  layer  of  these  is  not  especially  marked  off  as  a lower 
epidermis. 

Fig.  862. 


Fig.  862.  Section  through  an  air-chamber  of  the  surface  of  the  thallus  of 
Marchantia,  showing  chlorophyllaceous  tissue  and  stoma.  After  Kuy. 

The  rhizoids  are  long  and  unbranched  filaments.  Some 
of  them  contain  peculiar  peg-like  projections  of  cellulose  in  their 
interior. 

The  thallus  grows  by  the  divisions  of  a group  of  apical  cells 
which  are  situated  in  a depression  at  the  anterior  end.  The 
branching  is  truly  dichotomous. 

The  cupules  bearing  the  gemmae  spring  from  the  air- 
chamber  layer,  of  which  they  are  outgrowths.  Their  walls  show 
similar  air-cavities  to  those  of  the  rest  of  the  shoot  (fig.  864). 
The  gemmae  themselves  arise  from  single  cells  of  the  epidermis 
of  the  base  of  the  cupule,  which  elongate  upwards  and  segment 
into  two,  the  lower  of  which  forms  a stalk,  while  the  upper 
develops  into  a somewhat  circular  plate,  with  a conspicuous 
notch  or  depression  on  each  side.  In  these  depressions  the 
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growing  points  are  formed.  Each  gemma  is  several  cells  thick 
in  the  centre,  but  the  layers  thin  out  towards  the  margin,  where 
it  is  only  one  cell  thick.  When  it  falls  to  the  ground  after 
liberation  from  the  cup,  the  lower  surface  puts  out  rhizoids 
and  the  upper  takes  on  the  structure  already  described.  There 
is  at  first  no  difference  in  structure  between  the  two  sides  ; 
whichever  happens  to  come  in  contact  with  the  ground  becomes 
the  ventral  one.  The  gemma  contains  chloroplastids. 

Marcha/ntia  is  a dioecious  form ; some  shoots  give  rise  to 
antheridia,  others  to  archegonia. 

Both  these  organs  are  borne  on  special  gametophores,  which 
spring  from  the  upper  surface  of  the  thallus.  The  antlieridiophore 


Fio.  803. 


Fig.  864. 


/•'iy.  803.  Surface  view  of  tlie  so-called  stoma  of  Marchantia  ( x250).  After 
ICny. Fig.  80 1.  Receptacle  of  Marchantia  with  gemmae,  a. 


{fig.  805,  d)  is  a thick  fleshy  stalk  which  spreads  out  at  the  summit 
into  a somewhat  flattened  circular  disc,  which  is  lobed  at  its 
margins.  The  disc  has  several  growing  points,  each  producing 
antheridia  in  acropetal  succession,  which  are  seated  in  de- 
pressions on  its  upper  surface.  The  surface  of  the  disc  contains 
air-chambers  like  those  of  the  rest  of  the  thallus.  The  antheridia 
have  the  structure  already  described  ; the  depressions  in  which 
they  are  seated  are  flask-shaped,  and  only  communicate  with 
the  exterior  by  a narrow  canal. 

The  archegoniophore  is  somewhat  more  complex.  Like  the 
antlieridiophore,  it  is  a long  stalked  body,  crowned  by  a disc. 
The  latter  is  not  a flattened  structure,  but  consists  of  eight 
arms  or  branches  radiating  from  the  centre  of  the  stalk,  some- 
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what  like  the  ribs  of  an  umbrella.  The  archegonia  are 
developed  on  its  under  surface  in  the  angles  between  the  ribs 
and  the  stalk  (jiffs.  866  and  867). 

The  elongation  of  the  stalk  is  proceeding  while  the  arche- 

Pig.  865. 


Firj.  865.  Thallus  of  Marchantia  with  gemniEB  cups,  6,  and  antheridiopliore,  d. 

The  upper  figure  is  a section  through  part  of  <1.  a,  b , c,  d,  e,f.  Antheridia 
in  depressions  in  successive  stages  of  development.  After  Kny. 

gonia  are  being  developed,  and  they  do  not  spread  out  freely  till 
fertilisation  is  effected. 

The  structure  of  the  archegonia  has  been  already  described. 
They  are  not  embedded  in  the  tissue  of  the  receptacle  as  are 
the  antheridia,  but  they  are  invested  by  a peculiar  outgrowth 
from  it,  called  the  perichcetium,  which  often  surrounds  a group 
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of  them.  This  springs  from  the  air-chamber  layer,  hut  thins 
out  as  it  grows,  forming  a membranous  structure  which  is  very 
much  dissected  or  lobed.  Besides  this  perichsetium,  another 
membrane,  the  perigynium,  grows  up  from  the  base  of  each 


Fig.  866. 


Fig.  800.  Arcliegoniophore  of  Marchanlia , bearing  arcliegonia  on  under  sur- 
face. 2,  3,  4,  5,  0, 10,  II.  Successive  stages  in  development  of  arcliegonia. 
14.  Root-liair  with  characteristic  thickening  on  the  walls.  After  Kny. 


archegonium  itself,  surrounding  it  as  a kind  of  open  sac  as  it 
approaches  maturity. 

Both  the  antheridiophore  and  the  archegoniophore  are  com- 
pound, being  composed  of  two  coherent  branches,  the  ventral 
surfaces  of  which  are  consequently  internal.  From'these  ventral 


BEYOPHYTA — HEPATICtE 


119 


surfaces  rhizoids  are  originated  which  may|be  found,  on  section 
of  the  structure,  passing  down  the  ccntre'of  the  stalk. 

The  sporophyte  or  sporogonium  arises  in  the  manner  de- 
scribed for  the  whole  group.  After  the  division  of  the  oospore 


Fig.  8(17. 


/•'irj.  867.  1.  Thallus  of  Afarchantia  bearing  archegoniophores.  a,  b,  c cl  f 
Successive  stages  in  their  development.  2,  3.  Upper  and  under  appear- 
ances of  arcliegomophore  when  the  sporogonia  are  mature.  6.  Young 
sporogonium.  7.  Adult  sporogonium  dehiscing  and  discharging  the 
spores.  8.  Elater,  with  mother  cells  of  spores  adhering  to  it.  After  Knv. 

into  epibasal  and  hypobasal  segments,  two  other  walls  are 
formed  at  right  angles  to  each  other  and  to  the  basal  wall, 
dividing  the  oospore  into  octants.  The  hypobasal  octants 
give  rise  to  a somewhat  bulky  foot,  while  the  epibasal  ones 
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develop  the  capsule.  All  the  cells  of  the  endothecium  go  to 
form  the  archesporium,  which  gives  rise  to  the  spore  mother 
cells  and  to  the  elaters.  The  latter  are  very  hygroscopic,  and 
assist  in  the  disseminating  of  the  spores  when  the  capsule 
opens.  When  mature,  the  capsule  is  forced  out  of  the  calyptra 
by  the  elongation  of  a short  seta,  or  stalk,  developed  from  the 
hypobasal  region  by  intercalary  growth.  It  then  opens  longi- 
tudinally by  a number  of  fissures,  and  the  spores  are  liberated. 

A simpler  type  of  thallose  liverwort  is  represented  by 
Pellia,  which  occurs  nearly  as  plentifully  as  Marchantia,  grow- 
ing usually  in  shady  damp  positions,  though  it  is  not  unknown 
on  sand}'  soil.  It  is  a good  deal  like  Marchantia  in  the  form  of 
its  thallus,  but  it  differs  considerably  in  its  structure.  The 
special  air-chambers  so  characteristic  of  Marchantia  are  not 
• found  in  Pellia , whose  thallus  consists  of  parenchymatous 
tissue  only.  The  chloroplasts  are  present  chiefly  in  the  upper 
layers.  The  epidermis  is  only  slightly  differentiated  from  the 
rest  of  the  parenchyma,  but  is  slightly  cuticularised.  The 
growth  and  branching  of  the  thallus  occur  in  the  same  ways  as 
in  the  case  of  Marchantia. 

The  reproductive  structures  again  are  simpler.  There  are 
no  special  receptacles,  but  the  antheridia  and  archegonia  are 
developed  upon  the  upper  surface  of  the  thallus.  The  former 
appear  first,  the  archegonia  later.  Both  organs  arise  upon  the 
same  thallus.  They  have  the  same  general  structure  as  in 
Marchantia. 

The  capsule  or  sporophyto  of  Pellia.  is  a stalked  body,  the 
seta  often  being  two  inches  or  more  in  length.  The  archegonial 
wall  is  ruptured  before  the  great  extension  of  the  stalk  takes 
place,  so  that  the  capsule  is  not  covered  by  a calyptra.  The 
capsule  contains  both  spores  and  elaters,  the  latter  radiating 
from  the  centre  of  its  base,  and  being  more  regularly  distributed 
than  those  of  Marchantia. 

In  some  Riccias  antheridia  and  archegonia  occur  in  the  same 
sorus. 

In  Anthoceros  and  Blasia,  chiefly  on  the  under  surface  of 
the  shoots,  various  cavities  occur  which  are  filled  with  mucilage. 
In  these,  quantities  of  the  Alga  Nostoc  live  symbiotically.  The 
cavities  become  irregularly  septate  in  consequence  of  filamen- 
tous outgrowths  from  the  cells  of  their  walls. 

Anthoceros  is  peculiar  also  in  the  fact  that  its  chloro- 
plastids  contain  pyrenoids  like  those  of  the  Algae. 

The  sporogonium  of  Anthoceros  is  remarkable  in  two  respects. 
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Its  endothecium  is  sterile  and  forms  a columella,  while  the 
archesporium  is  developed  from  the  inner  layers  of  the  amphi- 
thecium.  It  continues  to  elongate  by  hasal  growth,  forming  a 
long  pod-like  body  which  dehisces  from  the  apex  downwards  by 
two  valves. 

Foliose  Liverworts. — The  foliose  liverworts  have  a dorsi- 
ventral  axis  bearing  leaves  which  are  generally  of  two  kinds. 
The  ventral  surface  produces  a row  of  very  rudimentary  ones, 
which  are  known  as  amp higastria,  while  on  the  lateral  faces  are 
developed  the  ordinary  foliage  leaves.  Rhizoids  also  spring 
from  the  ventral  side,  and  mucilaginous  secreting  hairs  occur 
near  the  growing  point. 

The  growth  in  length  is  carried  out  by  a single  apical  cell, 
which  is  in  most  cases  two-sided,  and  hence  cuts  off  two  series  of 
segments.  In  some  forms  the  apical  cell  is  a three-sided  pyra- 
mid. Each  segment  produces  a leaf  and  also  contributes  to  the 
increase  of  size  of  the  stem.  The  branching  of  the  axis  is 
usually  monopodial. 

Vegetative  reproduction  is  carried  out  by  means  of  gemmae, 
as  in  Marchantia,  but  the  gemmae  are,  as  a rule,  simpler  in 
structure,  often  being  composed  of  only  one  or  two  cells.  They 
arise  either  from  the  margins  of  the  leaves  or  from  the  axis  near 
its  apex. 

The  antheridia  are  stalked,  somewhat  globular,  bodies  which 
are  not  sunk  in  the  tissue  as  in  Marchantia,  but  arise  singly  or 
in  groups  on  the  shoot  near  its  apex,  in  the  axils  of  the  leaves. 

The  archegonia  are  developed  later,  sometimes  from  the 
same  shoot  as  the  antheridia.  They  are  sometimes  solitary,  some- 
times in  groups,  and  are  surrounded  by  a kind  of  involucre  formed 
either  by  the  cohesion  together  of  the  youngest  whorl  of  leaves, 
or  by  a perichaetial  outgrowth  resembling  that  of  Marchantia. 
They  are  produced  directly  from  the  apical  cell  or  its  youngest 
segments,  so  that  they  are  terminal  in  their  position.  Usually 
each  archegonium  is  protected  also  by  a perigynium. 

The  histological  differentiation  of  the  shoot  is  very  slight. 
The  stem  possesses  an  axial  strand  of  cells  which  have  thin 
walls,  while  the  cortex  is  made  up  of  fairly  thick-walled  cells. 
There  is  no  indication  of  anything  like  vascular  tissue.  The 
leaves  are  simple  plates  of  cells  of  uniform  substance,  being 
only  one  cell  thick. 

The  sporophyte  is  mainly  derived  from  the  epibasal  cell  of 
the  first  division  of  the  oospore,  the  hypobasal  one  often  not 
developing  at  all,  but  remaining  in  an  atrophied  condition  at 
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the  base  of  the  stalk  of  the  capsule.  The  epibasal  mass  then 
can  he  differentiated  into  the  capsule  and  a bulky  stalk  or  seta, 
the  lower  end  of  which  swells  and  forms  a false  foot  {fig.  868). 

The  archesporium  is 
co-extensive  with  the 
endothecium  and  pro- 
duces spores  and  sterile 
cells,  usually  elaters. 
When  it  is  mature  the 
capsule  dehisces,  in 
some  cases  regularly 
by  valves,  in  others 
irregularly. 

A calyptra  is  formed 
during  the  growth  of 
the  embi'yo  or  sporo- 
phyte,  much  as  in  Mar- 
ch,antia.  When  the 
capsule  is  mature,  a 
rapid  growth  of  the 
short  seta  ruptures  it 
at  the  apex,  and  the 
sporogonium  is  ex- 
posed. It  then  dehisces 
as  described. 

According  to  Goebel,  there  is  a possible  link  between  the 
Hepatica?  and  the  Chlorophycetc  in  the  genus  Aneura,  from  the 
thallus  of  which  certain  cells  are  liberated  which  may  be  com- 
pared with  the  zoogonidia  of  the  latter.  On  liberation  each 
divides  into  two  cells,  and  ultimately  gives  rise  to  a new  gameto- 
phyte.  They  differ  from  zoogonidia  in  not  possessing  cilia. 
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Class  V.— MUSCI  (MOSSES). 

In  the  group  of  the  true  mosses  a still  further  advance  is 
seen,  especially  in  the  direction  of  anatomical  differentiation. 
The  gametophyte  is  al ways  foliose,  and  bears  well-developed 
rhizoids.  The  sporogonium  escapes  from  the  calyptra  before 
the  spores  are  mature  ; it  never  contains  elaters,  and  always 
possesses  a well-defined  columella.  The  plants  are  of  small  size, 
and  grow  upon  the  earth,  rocks,  trees,  or  old  walls ; some  are 
saprophytic,  growing  on  decaying  wood,  Ac.  A few  are  aquatic. 


Fig.  869. 


Pig.  869.  Protonema  of  Moss.  A.  Early  stages  of  germination  of  spore. 
H.  Developed  protonema  on  which  young  bud,  k «■,  is  formed,  which  wili 
give  rise  to  the  moss  plant.  After  Sachs. 


The  protonema  is  in  most  cases  a filamentous  structure, 
copiously  branched.  The  septa  are  usually  arranged  obliquely 
across  the  filament.  Generally  part  of  it  ramifies  below  the 
surface  of  the  soil  and  is  colourless,  while  the  remainder  con- 
tains chloroplastids.  Each  filament  grows  by  segmentation 
of  a single  terminal  or  apical  cell. 

The  shoot  is  rarely  dorsi ventral  as  in  the  Liverworts.  It  grows 
by  means  of  an  apical  cell,  which  is  usually  three-sided,  and 
gives  rise  by  its  segmentation  to  three  rows  of  leaves.  It  is 
frequently  branched,  the  branches  arising,  not  in  the  axils  of  the 
leaves,  as  in  the  Phanerogams,  but  either  beside  or  below  them. 
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The  branching  is  usually  monopodial,  hut  sometimes  cymose. 
From  the  base  of  the  shoots  a number  of  rhizoids  spring  and 
affix  it  to  the  substratum.  The  plant  is  not  supplied  with  water 
exclusively  by  these,  the  leaves  having  the  power  of  absorbing 
liquid. 

The  shoot  is  differentiated  into  stem  and  leaves.  The 
anatomical  structure  of  the  stem  is  interesting  as  giving  the 
first  indication  of  a central  stele,  which  is,  however,  very 
rudimentary.  The  outer  layers  form  a cortex  of  somewhat 
prosenchymatous  cells  with  thick  walls.  This  gradually  passes 
into  a thin-walled  narenchvina.  In  some  forms  the  axis  is 

occupied  by  a strand  of 
small  rather  thin-walled 
cells  or  tracheids  {fig. 
870).  In  others  there  is 
a rudimentary  vascular 
stele  consisting  of  a num- 
ber of  cells,  which  are 
partly  parenchymatous 
and  partly  prosenchy- 
matous. The  latter  cells 
are  tracheids,  as  are 
those  of  the  first  type  ; 
true  vessels  are  never 
developed.  This  central 
group  of  cells,  partly  thin- 
walled,  partly  thick- 
walled,  corresponds  to  the 
xylem  of  the  stele.  It  is 
often  surrounded  by  elon- 
gated thin-walled  cells, 
which  correspond  to  phloem.  There  is  no  pericycle  and  no 
endodennis. 

The  leaves  which  are  developed  on  the  stem  are  simple  in 
most  mosses,  consisting  often  of  a single  layer  of  cells.  Some 
forms  are  furnished  with  a midrib,  chiefly  composed  of  thick- 
walled  cells  almost  prosenchymatous  in  shape.  In  some  the 
midrib  is  penetrated  by  rudimentary  vascular  strands,  which 
enter  the  stem  and  join  its  axial  stele.  The  cells  of  the  leaf  all 
contain  chloroplastids. 

The  leaves  of  the  bog-mosses  ( Sphagnum ) show  a peculiarity  in 
containing  cells  of  two  kinds  (fiff.  871)  ; some  are  large,  broad  and 
almost  lozenge-shaped,  empty  of  contents,  and  marked  by  curious 


Fio.  870. 


fig.  870.  Section  of  stem  of  gamotopliyte  of 
Moss,  showing  central  strand  of  thin-walled 
small  cells,  surrounded  by  large-celled  cortex 
and  epidermis.  After  Sachs. 
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spiral  thickenings ; others,  which  form  a network  between  the 
large  ones,  are  small  and  tubular  and  contain  chloroplastids. 

The  antheridia  and  arche- 
gonia  are  usually  borne  amid 
clusters  of  leaves  at  the  apex  of 
a shoot.  Most  generally  there 
are  several  together,  though  this 
is  not  always  the  case.  Some- 
times a shoot  bears  only  an- 
theridia, sometimes  only  arche- 
gonia,  sometimes  archegonia  in 
the  centre  of  the  sorus  or  collec- 
tion, and  antheridia  around  the 
periphery.  We  may  thus  have 
monoecious,  dioecious,  or  herm- 
aphrodite arrangement. 

The  sorus  is  invested  with 
leaves  of  rather  different  cha- 
racter from  the  ordinary  foliage 


Fig.  872. 


Fiij.  872.  Vertical  section  through  apex  of  male  plant  of  a Moss,  Mnium  hornum 
( x 40).  an.  Antheridia.  par.  Paraphyses. 

leaves;  the  innermost  of  them  at  any  rate  growing  up  in  a sort 
of  perichietial  fashion  round  the  base  of  the  capsule  as  it  begins 
to  develop.  There  is  no  special  periclnetium  produced  as  in  the 
liverworts. 


Fig.  871.  Leaf  of  Sphagnum.  A.  Sur- 
face view.  B.  Section. 
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Fig.  873. 


Among  the  sexual  organs  are  developed  hairs  of  peculiar 
form  known  as  paraphyses.  These  are  multicellular,  and  often 

terminate  in  a globular  head. 
They  are  singular  in  that  their 
cells  often  contain  chloroplastids. 

The  antheridia  differ  but  little 
from  those  of  the  Hepatic® ; they 
are  club-shaped  or  rounded  bodies, 
mounted  on  short  stalks,  and  con- 
sist of  a wall  surrounding  a cavity 
in  which  are  the  antherozoids. 
They  open  in  the  mosses  by  split- 
ting across  the  apex.  The  mother 
cells  of  the  antherozoids -escape 
before  emitting  the  antherozoids. 
They  are  attached  to  each  other 
by  a sort  of  intercellular  mucilage 
derived  from  the  cell-walls.  This, 
however,  dissolves  as  soon  as  it 
comes  into  contact  with  water. 

The  archegonia  have  the  same 
general  structure  as  those  in  the 
preceding  group  {fig.  873).  There 
is  a body  or  venter,  and  a long 
generally  twisted  neck.  The  body 
or  venter  is  usually  thicker  than  in 
the  liverworts,  and  consists  of  two 
layers  of  cells.  It  contains,  as  in 
other  cases,  an  oosphere,  while  the 
neck  is  filled  with  mucilage  derived 
from  the  disintegration  of  its  canal- 
cells  and  of  the  ventral  canal-cell 
cut  off  in  the  formation  of  the 
oosphere. 

The  vegetative  reproduction  of 
the  gametopliyte  is  very  varied. 
The  chief  feature  of  it  is  the  ease 
with  which  almost  any  part  ot  the  plant  can  produce 
protonemal  filaments,  even  rhizoids  doing  so  if  exposed 
to  light  in  a moist  atmosphere.  Similar  outgrowths  may 
spring  from  the  leaves,  or  from  the  summits  of  the  shoots 
which  produce  the  reproductive  organs. 

Besides  these  protonemal  outgrowths  leaf-buds  are  sometimes 


Pig,  873.  A.  Apex  of  shoot  of  Fimaiia 
with  two  archegonia.  15.  Neck  of 
archegouium,  showing  mode  of 
separation  of  the  cells.  C.  Immature 
archegouium.  After  Sachs. 
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formed,  which  become  detached  and  grow  at  once  into  moss 
plants.  They  may  arise  on  different  parts  of  the  plant,  but 
seem  to  be  most  easily  developed  upon  the  rhizoids.  Some 
mosses  multiply  by  the  separation  of  branches,  or  by  the  pro- 
duction of  stolons. 

Definite  gemmae  like  those  in  the  Marchantiacese  are  also  of 
frequent  occurrence.  They  are  stalked  flattened  bodies  of  more 
or  less  circular  shape,  and  consist  of  a single  layer  of  cells.  Many 
of  them  are  developed  together  at  the  end  of  a long  support- 
ing axis  in  Aulocomnion  androgynum  (fig.  874) ; in  Tetra/phis 
pellucida  they  are  produced  in  a terminal  cup,  which  is  composed 
of  several  leaves.  "When  detached  from  the  plant  and  transported 
to  moist  soil  they  germinate,  putting  out  a protonema,  on  which 
a new  gametophyte  arises  by  the  formation  of  a lateral  bud. 

It  is  in  the  structure  and  development  of  the  sporogonium 
that  the  mosses  chiefly  show  a great  advance  upon  the  liver- 
worts. A sporogonium  typical  of  most  mosses  is  that  of 
F unaria  hygrometrica,  the  structure  of  which  may  be  examined 
in  some  detail. 

The  first  division  of  the  oosphere  is,  as  before,  caused  by  the 
appearance  of  the  basal  wall,  dividing  it  into  epibasal  and 
hypobasal  segments.  The  latter  takes  little  part  in  the  subse- 
quent development,  not  dividing  more  than  once  in  most  cases. 
In  some  of  the  less  highly  organised  mosses,  such  as  Sphagnum , 
it  gives  rise  to  a foot,  but  this  absorbing  organ  in  the  higher 
forms  is  developed  from  the  end  of  the  seta. 

The  segmentation  of  the  epibasal  cell  into  octants  is  unusual. 
Instead,  by  a succession  of  oblique  divisions,  an  apical  cell  is 
soon  produced,  and  by  the  repeated  division  of  this  the  embryo 
grows.  When  it  has  reached  a fair  degree  of  development, 
being  fusiform  in  shape,  the  upper  end  swells  to  form  the 
capsule  or  theca,  and  the  remainder  continues  elongating  to 
form  the  stalk  or  seta.  As  it  elongates  it  ruptures  the  tissue  of 
the  archegonial  wall  which  still  surrounds  it.  This  breaks 
across  irregularly,  and  the  withered  neck  with  part  of  the  venter- 
wall  is  carried  up  by  the  elongating  stalk  and  is  recognised  as 
an  easily  detachable  cap  over  the  capsule.  It  is  called  the 
calyptra  (fig.  875,  B o). 

When  the  capsule  has  become  slightly  swollen  the  tissue  of 
its  substance  differentiates  into  amphithecium  andendothecium. 
An  air  space  or  cavity  arises  in  the  former,  which  extends  in  a 
cylindrical  fashion  all  round  the  capsule,  being  crossed  by 
strands  or  filaments  of  cells,  forming  a number  of  bridles. 
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The  endothecium  gives  rise  to  the  archesporium,  its  outer 
layer  being  transformed  into  it.  The  remainder  of  its  tissue, 
consisting  of  large  cells,  forms  the  columella.  The  archesporium 
is  cylindrical  and  does  not  extend  across  either  top  or  bottom  of 
the  columella.  The  walls  of  the  capsule  contain  chloroplasts 
in  the  cells  of  their  inner  layers. 

The  arrangements  for  causing  and  regulating  the  escape  of 
the  spores  from  the  capsule  are  the  operculum  and  the  peristome. 
The  former  is  the  apical  portion  of  the  amphithecium.  It  is 


Fig.  874. 

A 


Fig.  875. 


ri<j.  87-1 . A.  A Ulocomnion  nitdroiiynum,  showing  gcminic  borne  upon  n long 

stalk.  //.  Collection  of  gemma!  more  magnified. Fit/.  876.  /■'unaria 

Itygrometrica.  .1.  Young  sporogonium.  c.  Capsule,  li.  Adult  condition  of 
the  gametophyte.  Stalk  or  seta  of  tlio  sporogonium.  /.  Capsuleor  theca. 
o.  Calvptra.  C.  Section  of  a sporogonium  x 80.  <1.  Operculum.  />.  Peri- 
stome! h.  Air-space,  s.  Sporogenous  layer.  (After  Prantl.) 


detached  from  the  rest  of  the  capsule  by  the  swelling  of  the 
walls  of  a ring  of  epidermal  cells,  the  annulus , situated  at  the 
point  of  rupture.  This  swelling  causes  the  separation  of  the 
Operculum  from  the  rest  of  the  theca,  and  the  lid  falls  off. 

The  peristome  is  also  developed  from  the  amphithecium  just 
below  the  operculum,  so  that  when  the  latter  falls  off  it  forms 
a kind  of  fringe  round  the  margin  of  the  opening.  The  cells  of 
the  innermost  amphithecial  layer,  situated  just  above  the 
termination  of  the  cylindrical  air-chamber,  undergo  thickening 
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and  cuticularisation  on  their  external  and  internal  faces.  The 
lateral  and  part  of  the  transverse  walls  connecting  the  others 
remain  unchanged.  These,  as  the  peristome  dries,  break  away 
from  the  cuticularised  walls,  and  the  latter  separate  longitudinally 
into  several  strips  (fig.  876).  There  are  thus  two  rows  of  cuti- 
cularised membranous  teeth  formed,  which,  so  long  as  the  oper- 
culum is  in  position,  curve  over  and  meet  at  a point  in  the  centre. 
The  outer  ones  are  known  as  the  teeth  of  the  peristome,  the  inner 
ones,  which  are  less  strongly  thickened,  are  called  cilia.  The 
number  of  teeth  varies  from  4 to  64,  according  to  the  number  of 
longitudinal  divisions  of  the  cells.  When  the  operculum  falls 
off,  these  teeth  uncoil  in  virtue  of  their  elasticity  and  remain  as 
a kind  of  fringe  round  the  opening. 

The  lower  portion  of  the  capsule 
below  the  air-space  is  slightly  dilated, 
formiug  a mass  of  cells  known  as  the 
apophysis.  This  is  furnished  with 
stomata,  and  contains  a large  amount 
of  assimilating  tissue. 

There  is  a good  deal  of  variety  in 
the  formation  of  the  peristome  in  differ- 
ent genera.  In  some,  as  Gymnostomum, 
none  is  developed.  In  Tetrapliis  the 
layer  giving  rise  to  it  is  two  cells  in 
thickness,  and  all  their  walls  become 
thickened,  forming  a plate  of  tissue.  When  this  is  released  it 
splits  into  four  valves  or  segments.  In  Polytrichum  the  develop- 
ment is  different.  The  teeth  are  formed  not  of  simple  pieces  of 
membrane,  but  of  bundles  of  thick  prosenchymatous  cells.  A 
plate  of  cells  unites  the  top  of  the  teeth  and  remains  after  de- 
hiscence of  the  theca  as  a structure  called  the  epiphragm. 

As  the  spores  mature,  the  rest  of  the  contents  of  the  capsule 
dry  up  and  sin-ink;  when  they  are  ripe  nearly  everything  else  has 
disappeared,  so  that  the  spores  lie  loose  in  the  cavity  of  the  theca. 

Some  species  show  important  differences  of  structure  from 
the  type  of  Funaria.  In  Sphagnum  the  archesporiutn,  which 
is  developed  from  the  inner  layer  of  the  amphitheciuin,  is  a 
hemispherical  or  dome-shaped  band  extending  across  the  top 
of  the  capsule  and  covering  the  columella.  In  Polytrichum  a 
second  air-chamber  is  formed  in  the  endotheciuin  on  the  inner 
side  of  the  archesporium.  In  a few  mosses  there  is  no  operculum. 

The  advance  in  histological  differentiation  which  marks  the 
gametophytc  is  also  seen  in  the  structure  of  the  sporophyte 

von.  II.  K 


Fig.  870. 


Fig.  876.  Surface  view  of 
peristome,  p,  of  Funaria. 
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There  is  a well-marked  epidermis,  which  in  the  region  of  the 
apophysis  is  furnished  with  rudimentary  stomata.  The  seta 
contains  a strand  of  pseudo-vascular  tissue  similar  to  that 
described  as  occurring  in  the  stem.  The  tissue  of  the  sporo- 
gonium  also  contains  chloroplastids. 

Fig.  877. 


Fi'i.  H77.  Upper  portion  of  capsule  (sporogonium)  of  l unciria  x 50.  a.  Operculum. 
ii.  Peristome,  c.  Columella.  </.  Sporogenous  tissue.  <v  Air-chamber.  /.  Cells 
forming  the  rim  of  the  capsule  after  the  operculum  lias  been  detached.  The  cells 
just  above  these  form  the  annulus. 

The  phenomenon  of  ajioHpory,  which  is  not  uncommon  in 
the  next  group,  the  Pteridophyta,  occurs  also  in  some  mosses. 
Under  favourable  conditions  some  of  the  cells  of  the  sporogonium 
put  out  protonemnl  filaments  which  give  rise  by  budding  to 
new  gametophytes.  We  got  thus  the  formation  of  the  lattt  r 
from  the  sporophyte  without  the  production  of  spores. 
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Group  III. 

PTEBIDOPHYTA. 

This  group,  which  is  sometimes  known  as  the  group  of  the 
Vascular  Cryptogams,  includes  the  Ferns,  the  Equise  turns  or 
Horsetails,  and  the  Lycopodinse  or  Club -mosses.  They  are 
called  Vascular  Cryptogams,  to  indicate  that  their  tissues  con- 
tain well-differentiated  vascular  structures,  which  we  have  seen 
to  be  almost  entirety  unrepresented  in  the  preceding  two  groups. 
The  life  history  embraces  two  phases,  as  in  the  case  of  the 
Bryophyta,  but  the  order  of  their  greater  prominence  is  reversed. 
The  gametophyte  is  small,  cellular,  and  usually  of  very  short 
duration ; the  sporophyte  forms  what  is  commonly  called  ‘ the 
plant,’  and  may  persist  for  many  years.  It  shows  considerable 
morphological  and  histological  differentiation. 

Comparing  the  group  with  that  of  the  Bryophyta  we  note 
especially  the  retrogression  in  size  of  the  gametophyte,  and  the 
great  advance  made  by  the  sporophyte.  Further,  that  the 
sporophyte  does  not  remain  all  its  life  parasitic  on  the  gameto- 
phyte, but  that  it  develops  roots  and  leaves,  and  soon  becomes 
independent  of  the  latter,  which  usually  perishes  as  soon  as 
the  sporophyte  becomes  well  established.  The  latter  generally 
persists  many  years,  producing  its  spores  annually. 

In  describing  the  forms  which  are  included  in  the  group,  it 
is  well  to  begin  with  the  sporophyte  on  account  of  this  predomi- 
nance. 

It  shows  considerable  morphological  differentiation,  possess- 
ing, with  few  exceptions,  root  and  shoot,  the  latter  consisting  of 
stem  and  leaves.  The  stem  is  often  of  considerable  size ; its 
growth  may  be  sub-aerial,  but  it  frequently  takes  the  form  of  a 
rhizome. 

The  leaves  arc  of  very  various  sizes ; in  the  Ferns  as  a rule 
they  are  large  and  compound  ; in  the  Club-mosses  much  smaller 
and  more  numerous ; in  the  Horsetails  reduced  to  scales  closely 
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surrounding  the  stem.  They  are  of  two  kinds ; some  are  ordinary 
foliage  or  scale  leaves  ; others  bear  sporangia,  and  are  known  as 
sporophylls,  as  in  the  higher  plants.  In  the  Ferns  there  is 
usualty  no  difference  between  the  two,  but  in  the  other  groups 
the  sporophylls  are  often  much  modified.  In  the  Equisetime 
and  some  of  the  Lycopodinse  they  are  collected  together  at  the 
apices  of  special  shoots,  forming  cones  or  flowers. 

The  sporophylls  hear  the  sporangia  usually  in  clusters, 
known  as  sori,  which  may  be  exposed  to  the  air,  or  variously 
covered  in  for  purposes  of  protection.  In  some  cases  the 
sporangia  arise  directly  from  the  stem  in  the  axil  of  the  sporo- 
phyll.  In  the  Ferns  and  Horsetails  the  sporangia  are  on  the  under 
or  dorsal  surface  ; in  the  Club -mosses  on  the  upper  one. 

The  primary  roots  are  shortlived,  soon  being  replaced  by 
adventitious  secondary  ones.  Salvinia  has  no  primary  or 
secondary  roots,  nor,  so  far  as  we  know,  have  some  species  of 
the  isosporous  ferns  and  some  of  the  club-mosses. 

A peculiar  feature  makes  its  appearance  in  the  Pteridophyta, 
which  persists  throughout  all  the  higher  plants.  This  is  the 
production  by  the  sporophyte  of  two  kinds  of  spore,  each  of  which 
gives  rise  to  its  appropriate  gametophyte.  The  two  kinds  of 
spore  differ  from  each  other  chiefly  in  size,  some,  called 
microstores,  being  very  small,  and  others,  megaspores,  much 
larger.  Each  is  produced  in  its  appropriate  sporangium,  so  that 
we  distinguish  micro-  and  megasporangia.  The  peculiarity  of 
producing  both  kinds  is  called  heterospory  ; wo  speak  thus  of 
isosporous  and  heterosporous  Vascular  Cryptogams. 

In  some  cases  all  the  sporangia  of  a sorus  are  closely  attached 
together  as  if  coherent.  They  are  so  developed,  never  being 
free  from  each  other.  The  resulting  body  appears  like  a multi- 
locular  sporangium,  but  it  is  better  to  regard  it  as  compound 
and  call  it  a synangium. 

A similar  multilocular  appearance  is  afforded  by  the  sporangia 
of  Isoetcs,  but  in  this  case  it  is  due  to  bands  of  the  archesporial 
tissue  becoming  sterile,  and  crossing  the  sporangium  in  the  form 
of  a number  of  trabecuhe. 

Sporangia  are  classed  in  two  categories,  according  to  the 
manner  of  their  development.  In  some  plants,  e.g.  in  many 
ferns,  they  arise  each  from  a single  superficial  cell.  These  are 
known  as  leptosporangiatc  forms.  In  others,  as  in  the  Marattias 
and  Isoetcs,  the  sporangia  arise  from  a group  of  cells  of  the 
superficial  and  sometimes  deeper  layers  as  well.  These  forms  are 
called  eusporangiate. 
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The  anatomical  differentiation  of  the  sporophyte  shows  a 
great  advance  on  that  of  the  sporogonium  of  the  Bryophyta. 
The  epidermal  and  cortical  or  fundamental  tissue  systems  arc 


Fig.  878. 


Fig.  878.  Sectiou  through  prothallium,  p p,  and  young  Fern-plant.  E.  The 
latter  attached  to  the  former  by  the  foot.  a.  Archegonia  of  the  prothal- 
lium.  A.  Boot-hairs  of  same.  After  Sachs. 


Fig.  879. 


clearly  distinguishable,  and  the  axis  is  either  mono-,  schizo-  or 
polystelic.  The  stele  consists  of  xylem  and  phloem,  in  vascular 
bundles,  with  circumferential  pericycle  in  most  cases.  There 
is  often  a very  marked  development 
of  sclerenchyma  either  in  bands  or 
patches.  The  leaves  range  from  very 
simple  structures  to  others  almost  as 
well  differentiated  as  the  leaves  of 
Phanerogams ; but  their  mesophyll  is 
not  so  well  divided  into  palisade  and 
spongy  parenchyma,  and  the  epidermal 
cells  contain  chloroplastids. 

The  growth  in  length  of  the  stem, 
root,  and  leaf  is  usually  effected  by  the 
segmentation  of  apical  cells.  In  some 
cases,  instead  of  a single  apical  cell 
there  is  a group  of  them,  especially  in 
the  higher  forms,  where  we  have  indi- 
cated an  approach  to  the  Phanerogams. 

Growth  in  thickness  of  the  axis  rarely 
takes  place ; there  is,  however,  a modi- 
fied cambium  in  Isoetes  and  in  some 
of  the  Ophiof/lossaceai.  Some  of  the 
fossil  forms  of  this  group  showed  con- 
siderable cambial  activity,  the  axis  be- 
coming of  very  considerable  diameter. 

The  secondary  roots  are  not  developed  from  the  pericycle, 
but  from  the  endodermia  of  the  axis ; in  the  Horsetails  from  its 


Fig.  879.  Prothallium,  p p,  of 
Adiantum  Capilius-  Veneris 
seen  from  below,  showing  the 
Pern-plant  developed  from 
the  fertilised  germ-cell  of  the 
archegoninm.  6.  First  frond, 
w',  w".  Boots,  A.  Root-hairs. 
After  Sachs. 
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inner  layer.  They  thus  originate  in  the  periblem  and  not  in  the 
plerome. 

The  growth  of  the  sporophyte  from  the  oospore  or  zygote 
shows  considerable  variety.  Epibasal  and  hypobasal  segments 
are  produced,  as  in  the  Bryophyta,  by  the  formation  of  a basal 
wall.  In  the  Ferns  and  Horsetails  this  is  followed  by  segmenta- 
tion into  octants.  From  the  epibasal  octants  the  stem  and  either 
one  or  two  primary  leaves  or  cotyledons  are  then  produced,  while 
from  the  hypobasal  ones  proceed  the  primary  root  and  a foot 
which,  as  in  the  Bryophytes,  serves  to  attach  the  sporophyte  to 
the  tissue  of  the  gametophyte  (figs.  878  and  879).  The  foot  is 


Fie.  880. 


in  this  group  a transitory  structure,  which  perishes  as  soon  as 
the  sporophyte  is  capable  of  an  independent  existence.  In  the 
Club-mosses  the  hypobasal  segment  gives  rise  to  a suspcnsor,  as 
it  does  in  Angiosperms  (page  198).  This  is  only  composed  of  a 
single  cell,  or  a chain  of  a few  cells  in  length. 

The  gametophyte  arises  from  the  germination  of  the  spore,  in 
most  cases  becoming  free  from  it  {fig.  880),  but  in  certain  cases 
remaining  partly  or  almost  entirely  in  its  cavity  (fig.  881).  In 
the  former  case  it  is  usually  a small  thallus  composed  only  of 
cells  and  containing  chloroplastids.  Its  morphological  character 
is,  however,  varied  ; it  may  be  a filamentous  much-branched 
body,  somewhat  recalling  a protonema,  or  it  may  be  tuberous 
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and  fleshy  {fig.  ‘J15,  p),  when  it  is  developed  underground  and 
contains  no  chlorophyll.  It  is  always  known  as  the  pro- 
thallium. 

In  the  heterosporous  forms  there  are  two  kinds  of  prothallia 
formed,  one  from  the  microspore,  and  the  other  from  the 
megaspore.  In  neither  case  do  we  get  the  prothallium  entirely 
set  free  from  the  spore.  They  are  not  very  strongly  developed, 
only  sufficiently  so  indeed  to 

permit  of  the  production  of  Tig.  881. 

the  sexual  organs.  The  pro- 
thallium from  the  microspore 
gives  rise  to  antheridia;  that 
from  the  megaspore  to  arche- 
gonia.  In  some  of  the  iso- 
sporous  forms  the  prothallia, 
which  are  all  alike  as  to  their 
vegetative  features,  are  mon- 
oecious, producing  both  an- 
theridia and  archegonia ; in 
others,  as  in  the  Equisetums, 
they  are  dioecious,  only  bear- 
ing one  or  other  of  them. 

The  antheridia  are  either 
immersed  in  the  substance  of 
the  prothallium,  as  in  the 
tuberous  forms,  or  project 
from  the  surface  as  in  the 
flattened  ones.  They  are 
always  superficial  in  their 
origin,  and  consist  of  a wall 
of  a single  layer  of  cells,  which 
encloses  a number  of  spirally 
coiled  ciliated  antherozoids 
(fig.  859,  b).  The  archegonia 

are  also  superficial,  having  a venter  embedded  in  the  tissue  of 
the  prothallium,  and  a slightly  projecting  neck  consisting  of  only 
a small  number  of  cells  (fig.  895).  The  structure  is  otherwise 
like  that  of  the  Bryophyta.  Fertilisation  is  effected  in  the 
same  way  as  in  the  latter  group.  The  number  of  archegonia 
produced  often  depends  upon  whether  or  no  the  oospheres  of 
the  first-formed  ones  become  fertilised.  If  not,  others  are 
developed. 

Vegetative  reproduction  of  the  gametophyteisnotuncoinmon ; 


Fit/.  881.  Gametophyte  produced  by  the 
megaspore  of  Salvinici.  pro.  Prothallium 
bearing  a,  young  sporophyte.  After 
Pringslieim. 
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it  takes  place  by  means  of  gemmae,  or  by  branches  which  be- 
come detached.  Similar  reproduction  of  the  sporopliyte  is 
brought  about  by  the  development  of  adventitious  buds,  arising 
on  either  the  petiole  or  the  lamina  of  the  leaf  in  many  Ferns. 
In  a few  of  the  Equisetums  some  of  the  underground  shoots 
form  tubers,  which  may  remain  dormant  for  a time  and 
ultimately  produce  new  stems.  A similar  formation  is  found 
in  some  of  the  Club-mosses. 

The  phenomenon  of  apospory  is  not  infrequent.  A specially 
interesting  form  of  it  occurs  in  Atliyrivm  Filix-fanninci , where 
sporangia  produced  in  the  normal  position  grow  out  into  pro- 
thallia  instead  of  forming  spores.  In  other  cases  the  prothallia 
spring  from  the  tips  of  the  pinna?  of  the  leaves. 

The  converse  process,  the  production  of  a sporopliyte  from 
the  prothallium  without  the  formation  of  an  oospore,  is  occasion- 
ally seen.  The  prothallium  in  this  case  sometimes  produces 
sterile  archegonia  ; sometimes  none  at  all.  The  sporophyte  in 
cither  case  arises  as  an  adventitious  bud  upon  it.  This  phe- 
nomenon is  known  as  apoyamy. 

The  Ptcridophyta  are  usually  arranged  in  three  groups  or 
series,  being  thought  to  have  arisen  by  separate  lines  of  develop- 
ment from  a common  Bryopliytic  ancestor.  These  three  classes 
are  the  Filicince,  the  Fquisctinus,  and  the  Lycopodium. 
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Class  VI.— FILlCINrE. 

The  usual  classification  of  the  forms  included  in  this  class  is 
as  under : — • 

Sub-Class  IsosPOEEiE. — One  kind  of  spore  only  is  produced  ; 

on  germination  it  gives  rise  to  a free  pro- 
thallium. 

Section  1.  Leptosporangiatcc.  - Each  sporangium  is  pro- 
duced from  a single  epidermal  cell. 

This  section  includes  most  of  the  Ferns 
proper. 

Section  2.  Eusporangiatte.—  Eafih  sporangium  ar’ises 
from  a group  of  epidermal  cells. 

This  section  includes  the  Ophioglos- 
sacete  and  Marattiacese. 

Sub-Class  PIeterospore^. — The  spores  are  of  two  kinds, 
microspores  and  macrospores  or  megaspores. 
The  prothallia  do  not  become  free  from  the 
spores  on  germination.  The  microspore  produces 
a prothallium  bearing  ah  antheridium,  the 
megaspore  develops  one  bearing  archegonia. 
Neither  form  of  prothallium  is  ever  free  from 
the  spore. 

Section  1.  Leptosporangiatce. — Each  sporangium  arises 
from  a single  epidermal  cell. 

This  section  includes  the  water  ferns, 
the  Hydropteridea3,  sometimes  called  the 
Rhizocarps. 

Some  botanists  place  a second  section  here  to  include  the 
Isoetacea.*,  which  are  eusporangiate.  They  are,  however,  gener- 
ally included  among  the  Lycopodinaj. 

Section  1. — Isosporous  Leptosporangiate  Ferns. 

The  sporophyte  of  this  group  is  the  plant  usually  termed  a 
Fern.  It  has  generally  a conspicuous  body,  morphologically 
differentiated  into  stem,  roots,  and  leaves. 

The  stem  is  usually  a creeping  underground  rhizome,  though 
in  some  eases  it  is  borne  upon  the  surface  of  a tree,  and  in 
others,  as  in  the  tree  ferns,  it  grows  vertically  into  the  air.  It 
usually  gives  off  a number  of  adventitious  roots  and  bears  a 
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relatively  few  large,  often  pinnate,  leaves.  In  some  ferns  the 
stem  branches  normally,  the  branch  system  being  lateral  and  not 
dichotomous  as  in  the  lower  groups ; in  others  the  branching  is 
adventitious.  The  roots  are  also  adventitious,  for  though  a 


Fig.  882. 
st 


st 

Fig.  883. 


/•I,/.  882.  Polystclic  stem  of  Kern.  xt.  Steles,  .sr.  Bands  of  sclerenchyma. 
hii.  Hypodermul  sclereneliynm.  ep.  Epidermis.— — tig.  883.  Stele  of  stem 
of  Fern,  composed  of  three  fused  concentric  bundles,  an.  Endodermis. 
ve.  Pericycle.  ph.  Phloem. 


primary  root  is  always  developed  it  never  persists  in  the  adult 
fern.  The  adventitious  roots  are  small  and  often  branched, 
arising  in  great  numbers  from  the  stem  or  the  leaf  stalks.  The 
leaves  are  sometimes  of  three  kinds,  the  foliage  leaves,  sonic- 
times  entire,  but  usually  much  and  repeatedly  pinnate  ; the 
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sporoplvylls,  which  in  many  ferns  are  exactly  like  the  foliage 
leaves  in  appearance,  but  in  others  are  much  modified ; and 
scaly  leaves,  rarely  found,  and  then  only  on  subterranean 
rhizomes.  The  vernation  of  the  leaves  is  very  markedly  circin- 
ate,  the  main  axis  and  all  its  branches  or  pinnae  emerging  from 
the  earth  rolled  up  with  their  lower  surfaces  outwards  The 
stem  and  bases  of  the  leaf  stalks  are  furnished  when  young  with 
numerous  scaly  hairs,  called  ramenta,  which  are  multicellular 
and  sometimes  glandular. 

The  growth  in  length  of  the  stem  is  always  brought  about 
by  the  divisions  of  a pyramidal  apical  cell  of  either  two  or  three 
sides,  the  apex  of  the  pyramid  being  directed  inwards.  It  soon 
shows  a differentiation  into  dermatogen,  periblem,  and  plerome. 
At  first  the  stem  is  monostelic,  but  this  condition  in  most 
cases  soon  gives  way  to  polystely,  which  persists  throughout 
its  length  (fig.  882).  The  separate  steles  are  usually  gamodesmic, 
the  bundles  of  which  they  are  composed  being  completely 
united  together,  presenting  the  appearance  of  a central  mass 
of  wood  with  at  first  two  or  three  strands  of  protoxylem  situated 
near  the  periphery.  These  are  formed  of  spirally  thickened 
tracheitis.  They  are  not  easily  distinguishable  when  the  stem 
is  full  grown.  The  whole  mass  of  wood  is  almost  surrounded 
by  bast,  though  not  entirely,  as  the  latter  does  not  wrap  round 
its  narrow  end.  The  whole  is  enclosed  by  a pericycle  and  an 
endodermis,  the  latter  belonging  to  the  fundamental  tissue 
(fig.  883).  The  endodermis  is  generally  two  layers  of  cells 
deep,  the  inner  one  having  delicate  walls  like  those  of  the 
pericycle,  but  the  walls  of  the  cells  of  the  outer  layer  are 
thickened  considerably.  Sometimes  a stele  will  consist  only 
of  a single  bundle  (fig.  884),  though  generally  fusion  takes 
place.  The  steles  as  viewed  in  longitudinal  section  of  the  stem, 
or  better,  as  isolated  by  maceration,  are  found  to  anastomose 
together  very  irregularly,  forming  a meshwork,  from  the  angles 
of  which  branches  go  off  to  enter  the  leaves.  The  nature  of  the 
anastomosis  is  largely  determined  by  the  number  and  size  of 
the  leaves. 

The  bundles  are  said  to  be  concentric.  As  they  are  usually 
placed  two  or  three  together  in  the  stele  and  fused  laterally,  this 
is  not  very  apparent,  the  whole  stele  seeming  rather  to  deserve 
this  name,  the  fused  bast  masses  surrounding  the  fused  wood 
masses.  A single  bundle,  however,  when  found  free  (fig.  884),  is 
seen  to  be  concentric  ; and  a stele  is  usually  composed  of  two  or 
more  placed  so  close  together  that  the  bast  is  not  developed  on 
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their  contiguous  faces.  The  lateral  fusion  of  bast  and  wood  of  the 
original  bundles  thus  gives  rise  to  the  mass  of  wood  in  the  stele 
with  its  peripheral  envelope  of  bast.  The  steles  should  perhaps 
be  called  bi-collateral  rather  than  concentric,  as  the  bast  is  not 
continuous  round  the  narrow  ends  of  the  wood  masses  (fig.  883). 

The  monostelic  arrangement  persists  in  a few  families 
( Osmundacece , Hy m cnoph y llacece,  &e.)  ; the  bundles  in  the  stele 
-are  then  sometimes  collateral. 

The  pericycle  is  absent  from  the  stele  of  some  of  the  Poly- 


Fig.  884. 


podiacere,  being  then  replaced  by  the  inner  layer  of  the  endo- 
dermis,  as  in  flic  root  of  Hquisetum. 

The  stem  of  the  fern  is  usually  well  supplied  with  scleren- 
chyma,  which  is  developed  in  various  forms  in  the  ground 
tissue.  It  is  often  found  as  a strong  hypodermal  sheath,  deep 
brown  in  colour,  and  consisting  of  several  layers  of  cells  with 
very  greatlj'  thickened  walls.  Isolated  bands  of  greater  or  less 
extent  are  common  in  the  inner  part  of  the  ground  substance 
(fig.  882). 

The  tissue  of  the  wood  and  bast  is  generally  characteristic. 
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The  wood  is  chiefly  made  np  of  large  tracheids  thickened  in  a 
scalariform  manner.  True  vessels  are  rare,  and  there  is  not 
much  wood  parenchyma.  The  sieve-tubes  of  the  bast  {fig.  885) 
are  long,  narrow  tubes  with  bluntly  pointed  ends,  and  have  their 
sieve-plates  more  or  less  regularly  arranged  along  their  whole 
length,  being  thus  marked  out  into  very  characteristic  areas. 
They  have  no  companion-cells  and  no  callus. 


Fig.  885.  Section  of  stele  of  Fern.  The  upper  part  is  transverse,  the 
lower  longitudinal,  e.  Endodermis.  p.  Pericycle.  s.l.  Sieve-tube. 
x.  Xylem.  /.  Fibres  of  bast. 

Except  in  the  monostelic  stems  the  bundles  are  cauline. 
They  are  always  closed,  cambium  not  being  present. 

The  primary  root  is  in  all  cases  developed,  but  it  usually 
soon  perishes,  and  its  work  is  taken  over  by  adventitious  roots 
which  are  produced  in  great  numbers  from  the  stem  or  the 
leaf-stalks.  Each  originates  in  the  endodermis  of  one  of  the 
steles,  opposite  to  a xylem  bundle.  By  the  formation  of  two 
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walls  a pyramidal  apical  cell  is  cut  out  of  one  of  the  cells  of  the 
endodermis,  and  by  successive  divisions  it  gives  rise  to  the 
adventitious  root  (fit/.  88G),  which  grows  out  through  the  fun- 
damental tissue  in  the  way  already  described.  Occasionally,  as 
in  Osmunda,  there  may  be  a group  of  initial  cells  at  the  apex, 
instead  of  the  usual  pyramidal  one. 

The  root  is  monostelic,  the  stele  containing  sometimes  two, 
sometimes  three  bundles  ; the  pcricycle  may  consist  of  a single 
layer  of  cells  or  of  many,  and  sometimes  it  is  irregular,  being  one 
layer  of  cells  thick  in  part  of  its  course  and  more  than  one  layer 
thick  in  the  remainder. 

When  the  roots  branch  the  new  root  springs  from  the  old 
one  in  the  same  way  as  the  latter  did  from  the  stem. 

The  foliago  leaves  arise  each  from  a single  superficial  cell  of 

the  growing  point  of 
the  stem.  They  grow 
in  most  cases  by 
means  of  a two-sided 
apical  cell.  In  verna- 
tion they  are  strongly 
curled  up,  owing  to  the 
greater  growth  of  the 
under  surface.  Later 
the  region  of  growth 
changes  to  the  upper 
surface  and  the  leaves 
expand.  In  structure 
they  resemble  the 
leaves  of  Angiosperms, 
but  the  differentiation 
of  the  mesophyll  into 
palisade  and  spongy 
parenchvina  is  not  so  well  marked.  The  epidermal  cells  as  a 
rule  contain  chloroplastids.  The  vascular  cylinder  is  generally 
monostelic  in  the  petiole,  but  becomes  schizostelic  in  the  leaf 
blade.  The  stele  joins  one  of  the  steles  of  the  stem  as  already 
described. 

In  some  Ferns  the  sporangia  are  borne  upon  leaves  that 
cannot  be  distinguished  in  appearance  from  ordinary  foliage 
leaves.  In  others,  as  'in  Osmunda,  Anevmia,  &c.,  there  are 
definite,  specialised  sporophylls.  These  show  various  shapes,  the 
pinna  generally  being  narrower  than  those  of  the  foliage  leaves, 
in  the  most  specialised,  the  upper  or  lower  branches  of  the 


Fig.  886. 


Fig.  HUB.  Longitudinal  section  through  root  of 
I'tcrix  Imsttitti,  showing  apical  region,  v.  Apical 
cell,  from  which  are  developed  the  tissue  of  the 
substance  of  the  root,  o,  c,  and  the  root-cap, 
t,  1 , 7/i.  ii.  After  Sachs. 
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phyllopodiuin  are  scarcely  at  all  winged,  the  edges  being  covered 
by  clusters  of  sporangia. 

The  sporangia  occur  usually  in  groups  on  the  lower  or  dorsal 
surface  of  the  sporophylls  (fig.  888),  or  in  some  cases  in  a band 
along  their  margins,  being  situated  on  a kind  of  placental 
outgrowth.  They  are  sometimes  quite  exposed  to  the  air, 
sometimes  partially  protected  by  hairs  or  paraphyscs  which 
arise  among  them  from  the  placenta.  Generally,  however,  the 
sorus  is  more  or  less  covered  by  a definite  membrane  called  the 
indusium , which  springs  from  the  epidermis  of  the  leaf.  Where 
the  sorus  is  marginal,  as  in  Pteris , the  edge  of  the  leaf  curves 


Fig.  887.  Fig.  888.  Fig.  889. 


fig.  887.  A portion  of  a frond  of  the  common  Polypody  ( 1‘oli/podium  vul- 
gar?),  showing  two  sori  springing  from  its  veins.  The  sori  are  naked, 
and  consist  of  a number  of  sporangia,  .<?>,  in  which  the  spores  are  con- 
tained.  fig.  888.  Portion  of  a frond  of  the  Male  Fern  ( Axpidium 

Hlix-ma *),  with  two  sori,  s,  .1,  covered  by  an  indusium. fig.  88!). 

Portion  of  a frond  of  the  Royal  or  Flowering  Fern  ( Osmundn  regain ), 
with  its  sporangia  or  capsules  arranged  in  a spiked  manner  on  a branched 
raehis. 


over  it,  forming  a false  indusium,  which  sometimes  is  supple- 
mented by  a kind  of  membrane  springing  from  the  leaf  along 
the  inner  side  of  the  sorus. 

The  sorus  (fig.  890)  consists  of  a number  of  sporangia,  often 
mixed  with  a number  of  hairs  or  parapliyses,  which  are  some- 
times glandular.  Each  sporangium  is  an  ovoid  or  globular 
body  placed  upon  a long  stalk.  It  originates  from  a single 
superficial  cell  of  the  placenta,  which  grows  outwards  and 
becomes  divided  into  two.  The  upper  one  gives  rise  to  the 
body  of  the  sporangium,  the  lower  one  to  the  stalk.  As  the 
upper  one  grows,  there  are  formed  in  it  three  oblique  walls,  which 
cut  out  of  it  a somewhat  tetrahedral  cell  with  its  base  uppermost. 
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A further  wall  is  formed  across  its  base,  so  that  the  structure 
consists  of  a wall  and  a central  ce\\(fig.  891,  3).  Divisions  parallel 
to  the  first  ones  cut  off  from  the  latter  four  protective  cells  which 
form  the  tape  lam,  an  investing  nutritive  layer,  which  by  subse- 
quent divisions  of  its  cells  becomes  multicellular.  The  central 
cell  so  formed  is  the  archcsporiuvi. 

Changes  now  take  place  in  both  inner  and  outer  parts  of  the 
growing  organ.  The  four  peripheral  cells  undergo  repeated 
division  by  anticlinal  walls,  so  that  the  outer  coating  of  the 
sporangium  becomes  multicellular,  remaining  one  cell  thick.  A 
special  band  of  cells  forming  part  of  this  wall,  running  in  some 


Fig.  890. 


fi,/.  890.  Section  or  sorus  of  Peru, consisting  of  u number  of  sporangia  borne 
upon  a placental  outgrowth  from  the  under  side  of  the  leaf  mid  covered 
by  mi  liulusium.  Each  sporangium  lias  running  nearly  round  it  a row  of 
tiiiek-wnlle  1 cells,  the  annulus.  After  ICny. 

cases  longitudinally  and  in  some  obliquely  or  transversely,  becomes 
peculiarly  thickened,  as  in  fig.  890,  and  constitutes  the  annulus. 
Its  walls  arc  strongly  cuticularised,  more  so  than  the  walls  of  the 
rest  of  the  cells,  which,  however,  undergo  cuticularisation  to  some 
extent.  The  annulus  in  most  cases  does  not  extend  completely 
round  the  sporangium,  but  leaves  a few  thin-walled  cells  between 
itself  and  the  stalk,  which  cells  form  the  stomium,  where 
eventually  the  sporangium  opens.  The  tapetum  becomes  multi- 
cellular and  for  a time  invests  the  archesporium,  its  cells  being 
filled  with  very  granular  protoplasm.  The  archesporium  divides 
repeatedly  till  it  generally  consists  of  sixteen  eells,  the  mother 
cells  of  the  spores.  When  this  stage  is  reached,  the  tapetal  cells 
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become  disorganised  and  give  rise  to  a mucilaginous  fluid  in 
which  the  archesporial  mass  remains.  Each  mother  cell  then 
divides  by  free-cell  formation  into  four  cells,  usually  but  not 
always  arranged  at  the  four  angles  of  a tetrahedron,  so  that 
the  resulting  cells  are  pyramidal  in  form.  Each  undergoes  re- 
juvenescence and  surrounds  itself  witli  a new  cell-wall,  forming 
a spore.  The  walls  of  the  original  mother  cells  then  disintegrate 
as  did  those  of  the  tapetum,  and  the  spores,  sixty-four  in  number, 
lie  free  in  the  cavity  of  the  sporangium.  The  development  is 
shown  in  fig.  891. 

In  some  cases  the  stalks  of  the  sporangia  are  not  developed, 

Fig.  891. 


so  that  those  organs  are  sessile  ; in  others  the  stalk  gives  rise  to 
a glandular  hair  (fig.  891,  7 h). 

When  the  sporangium  is  ripe,  the  drying  of  the  cells  of  the 
annulus  loads  to  great  tension  in  the  stomium,  which  ruptures, 
and  the  annulus  recoils  with  some  force,  scattering  the  spores. 

In  the  Tree  Ferns  the  annulus  extends  all  round  the  sporan- 
gium, so  that  it  includes  the  stomium. 

Different  genera  show  a certain  variety  in  the  position  of 
the  annulus,  and  consequently  in  the  direction  of  the  rupture. 
The  dehiscence  is,  however,  brought  about  in  a similar  manner 
in  all. 

The  gametophyte  in  the  Ferns  is  always  a thallus,  having 

VOL.  II. 
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no  differentiation  into  members.  It  is  known  as  the  pro- 
thallium , and  is  usually  a green  flattened  expansion  of  small 
size.  Its  cells  contain  chloroplastids.  From  the  under  side 
a number  of  root-hairs  are  developed  which  attach  it  to  the 
soil. 

Sometimes  the  prothallium  has  a central  somewhat  thickened 
portion  known  as  the  cushion.  Sometimes  it  is  almost  fila- 
mentous, recalling  the  protonema  of  a moss. 

It  always  becomes  quite  free  from  the  spore. 

On  the  under  side  of  the  prothallium  the  sexual  organs  are 
developed,  the  antheridia  lying  to  the  basal  end  and  the 


Fig.  892. 


I'ig.  892.  Prothallium  (gametopliyte)  of  Fern.  After  Kny. 


archegonia,  which  arc  formed  later,  towards  the  anterior  oi 
apical  region.  In  a few  cases  a prothallium  develops  only 
one  or  other  of  the  sexual  organs,  but  generally  both  are  to  be 
found  in  the  relative  positions  described. 

When  the  spore  germinates,  the  outer  coat  ruptures  and  the 
inner  one  grows  out  into  a green  filament  consisting  of  a single 
row  of  cells  ( fig . 893,  1-4).  The  end  cell  of  the  row  soon  divides 
longitudinally,  and  the  plate-like  prothallii.m  becomes  recog- 
nisable. The  growth  is  soon  continued  by  the  formation  of  an 
apical  cell  {fig.  893,  5),  which  after  a while  is  found  to  lie  in  a 
sort  of  notch  or  depression  in  the  anterior  margin. 
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Fig.  893. 


The  cushion  is  formed  by  the  cells  in  the  middle  line  in  the 
anterior  region  then  dividing  in  a plane  parallel  to  the  surface, 
so  that  the  mass  becomes  several  cells  in  thickness  (here.  This 
cushion  bears  the  archegonia  and  may  in  a way  be  compared  to 
the  archegoniophore  of  the  Liverworts.  The  antheridia  do  not 
arise  on  the  cushion,  but  towards  the  posterior  margin. 

The  wntheridium  is  always  superficial  in  origin  ( fig . 894). 
An  epidermal  cell  grows  out  and  is  divided  into  two,  the 
upper  one  of  which  produces  the  organ. 

It  divides  into  two  cells,  the  lower  of 
which  forms  a stalk-cell.  The  upper  one 
divides  repeatedly,  so  as  to  form  a wall 
surrounding  a central  cell,  in  which  the 
mother  cells  of  the  antherozoids  are  pro- 
duced by  repeated  cell-divisions.  In  each 
mother  cell  a single  antherozoid  is  pro- 
duced, which  is  a coiled  filament  furnished 
with  cilia  at  its  anterior  end  {fig.  860,  b). 

When  the  antheridium  is  mature  it 
ruptures,  and  the  mother  cells,  containing 
the  antherozoids,  escape,  the  antherozoids 
being  liberated  a little  later.  The  whole 
of  the  protoplasm  of  the  mother  cell  is 
not  used  up  to  form  the  antherozoid,  so 
that  when  the  latter  escapes  it  has  usually 
attached  to  it  a vesicle  of  protoplasm,  the 
rest  of  the  contents  of  the  mother  cell. 

The  development  of  the  archegonium 
(fig.  895)  is  also  from  a superficial  cell  of 
the  prothallium,  which  segments  into  two, 
an  upper  and  a lower.  The  neck  is  de- 
rived from  the  former  by  a succession 
of  divisions.  It  is  much  like  the  neck 
of  the  archegonium  of  the  moss,  hut 
much  shorter,  consisting  of  only  a few 
tiers  of  cells.  The  lower  cell  grows  upwards  into  the  neck, 
separating  its  cells  somewhat  and  forming  the  neck-canal-cell, 
which  remains  single.  The  neck-canal-cell  is  cut  oft  from 
the  remainder,  which  then  constitutes  the  central  cell  of  the 
archegonium.  This  nest  cuts  off  a small  ventral-canal-cell,  and 
the  remainder  rounds  itself  oft  into  an  ovoid  mass  of  protoplasm, 
which  is  the  oosphere. 

Later  the  ventral-canal-cell  and  the  neck-canal-cell  become 

i.  ‘2 


Fig.  893.  1-5.  Successive 
stages  in  tlie  early  de- 
velopment of  the'  pro- 
tlialiium  (cametopliyte) 
of  the  Fern.  After  Kny. 
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mucilaginous,  and  the  neck  of  the  archegonium  opens  by  the 
separation  of  its  cells. 

Fertilisation  is  effected  by  the  entry  of  an  antherozoid 
into  the  neck  of  the  archegonium  and  its  ultimate  fusion  with 
the  oosphere  at  its  base.  The  mucilaginous  matter  ejected  from 


Fig.  894. 


/'/</.  891.  1-3.  Development  of  the  nntheridium  of  the  Fern.  5.  Anthero- 

zoids  escaping.  After  Kny. Fit/.  895.  Development  of  archegonium  in 

the  Fern.  The  figures  indicate  successive  stages.  3 and  6 are  transverse 
sections  of  the  neck  in  two  stages.  After  Kny. 


the  archegonium  is  said  to  contain  a substance,  probably  malic 
acid,  which  has  an  attraction  for  the  antherozoid,  enabling 
the  latter  to  find  its  way  to  the  canal  of  the  neck. 

When  fertilisation  has  been  effected  the  oosphere  clothes 
itself  with  a cell-wall,  and  becomes  the  zygote,  or  oospore.  It 
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is  soon  segmented  into  epibasal  and  hypobasal  parts  by  the 
formation  of  a basal  wall  parallel  to  the  axis  of  the  archegonium. 
Each  gives  rise  by  further  divisions  to  four  octants.  In 
further  development  the  epibasal  octants  give  origin  to  the  stem 
and  first  leaf,  or  cotyledon,  of  the  young  sporophyte  ; the  hypo- 
basal  ones  form  the  primary  root  and  a special  organ,  called  the 
foot , which  attaches  the  young  fern  to  the  prothallium,  from 
which  it  draws  a supply  of  nutrient  material.  The  foot  becomes 
a somewhat  bulky  structure  and  occupies  the  space  formed  by 
the  venter  of  the  archegonium  {fig.  878). 

The  primary  root  soon  disappears  ; the  cotyledon  also  lasts 
but  a short  time,  and  is  succeeded  by  the  foliage  leaves,  arising 
from  the  stem.  The  foot  also  disappears  as  soon  as  the  young 
fern  has  become  capable  of  absorbing  its  nutriment  from  its 
environment  independently  of  the  gametophyte. 

The  prothallium  seldom  lives  longer  than  is  necessary  to 
produce  a single  sporophyte.  The  sporophyte,  on  the  contrary, 
may  produce  spores  for  many  years,  each  being  able  to  give  rise 
to  a gametophyte.  Sometimes  the  gametophyte  lives  longer,  in 
some  cases  for  more  than  a year. 

The  vegetative  reproduction  of  ferns  occurs  in  both  genera- 
tions. The  gametophyte  may  give  rise  to  branches  or  to  gemmae, 
either  of  which  can  develop  into  prothallia.  The  sporophyte  may 
produce  adventitious  buds,  generally  on  the  petioles  of  its  leaves 
where  they  are  below  the  soil. 

Both  apospoi'y  and  apogamy  may  occur  in  this  group. 

Section  2. — Isosporous  Eusporangiate  Ferns. 

In  this  section  are  comprised  two  orders  of  Ferns,  the 
Ophioglossacese  and  the  Marattiaceae,  which  have  much  in 
common  with  the  previous  group,  but  differ  in  that  their  spor- 
angia are  derived  each  from  a group  of  superficial  cells  instead 
of  from  a single  one. 

OPHIOGLOSSACEA2. 

The  affinities  of  the  Ophioglossaceffi  have  lately  been  much 
discussed,  and  many  doubts  have  been  suggested  as  to  their 
being  properly  included  among  the  Ferns,  certain  points  in  their 
structure  suggesting  an  affinity  with  the  Lycopodinse.  For  the 
present,  however,  it  will  be  well  to  give  them  their  old  position. 

The  sporophyte  is  usually  a short  erect  rhizome  bearing  a 
few  leaves  which  are  not  circinate  in  vernation.  Generally 
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Fig.  896. 


only  one  appears  above  ground  each  year.  Between  this  leaf 
and  the  apex  of  the  stem  the  rudiments  of  four  other  leaves 
may  generally  he  found,  so  that  it 
takes  five  years  for  a leaf  to  attain 
its  full  development. 

The  sporangia  arc  borne  upon  a 
peculiar  outgrowth  from  the  ventral 
surface  of  the  petiole  of  the  sporo- 
phyll,  which  has  the  appearance  of 
being  branched,  one  branch  bearing 
an  ordinary  foliage  lamina  and  the 
oilier  an  elongated,  sometimes 
branched,  spike-like  structure,  em- 
bedded in  or  placed  upon  which 
are  the  sporangia,  arranged  in  two 
rows,  one  on  each  side  of  its  axis,  or 
variously  clustered  upon  its  surface 
(/by.  836). 

The  stem  is  very  short  and  pre- 
sents some  peculiar  features  in  its 
interior.  There  is  usually  present 
none  of  the  sclerenchyma,  so  cha- 
racteristic of  the  Ferns  ; the  ar- 
rangement of  the  vascular  structures 
is  different  also,  the  Ophioglossaceas 
being  schizostelic  and  the  bundles  of 
the  steles  being  collateral.  Ophio- 
glossum  itself  has  no  pericycle  in 
its  steles.  The  genera Botri/cliiuvi 
and  Helininthosiachyx  possess 
cambium  in  their  collateral  bundles, 


Fig  896.  Ojihioglossitm  vulgatum.  a.  Sporangia,  b.  Foliage  leaf. 


but  it  does  not  give  rise  to  much  secondary  tissue.  Cork  also 
occurs  in  the  cortex  of  these  stems. 
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The  sporangia,  situated  as  described  above,  are  usually 
quite  independent  of  each  other,  not  being  arranged  in  sori. 
They  are  often  embedded  in  the  tissue  of  the  sporophyll  and  open 
when  ripe  by  valves  or  slits.  Each  contains  numerous  spores. 

The  gametophyte  is  best  known  in  OpTiioglossum  pedun- 
culosum  and  Botrychium  Lunaria.  In  the  former  it  is  a 
tuberous  body  growing  underground  and  devoid  of  chloroplastids. 
From  it  springs  a cylindrical  gametophore,  which  grows  up 
through  the  earth  and  becomes  green.  It  bears  antheridia  and 
archegonia.  In  the  latter  it  is  again  tuberous  and  subterranean  ; 
it  has  root-hairs,  and  bears  antheridia  and  archegonia,  the  latter 
being  chiefly  on  its  lower  and  the  former  on  its  upper  surface. 

The  prothallium  of  Helminthostachys  lias  recently  been 
discovered. 


Marattiace.®. 

The  stem  of  the  sporophyte,  as  in  the  last  case,  is  generally 
a rhizome,  which  is  sometimes  branched,  and  bears  numerous 


Fio.  897. 


fig.  807.  Synangia,  »,  of  A,  AnyiopterU,  IS,  Marattia  ; C,  section  of 
synangium  of  IS.  After.  Sachs. 


leaves.  The  latter  resemble  those  of  the  true  Ferns,  from  which 
they  differ  by  bearing  well-marked  stipules.  The  roots  branch 
considerably,  the  branching  being  lateral. 

The  histology  of  the  stem  recalls  that  of  the  true  Ferns,  the 
arrangement  of  the  vascular  tissue  being  polystelic,  and  the 
bundles  of  the  steles  concentric.  There  is  more  variety  in  regard 
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to  the  sclerenchyma,  which  is  never  very  prominent  and  is  in 
some  cases  absent.  Gum  passages  of  probably  schizogenous 
origin  are  found  in  many  parts. 

The  sporangia  are  arranged  in  sori,  but  the  several  sporangia 
of  each  sorus  are  coherent  instead  of  being  developed  separately. 
They  thus  form  a body,  at  first  sight  suggesting  a compound 
sporangium.  This  is  known  as  a synangvum.  They  are  filled 
with  numerous  spores  and  dehisce  when  ripe  by  a slit  or  an 
apical  pore  (fig.  897). 

The  gainetophyte  is  a flattened  green  protlmllium,  much 
like  that  of  the  true  Ferns.  It  has  a cushion  in  the  centre,  on 
which  both  antheridia  and  archegonia  are  borne.  It  grows  by 
an  apical  cell.  The  sexual  organs  have  the  same  structure  as 
in  the  Ferns. 

Section  3. — Heterosporous  Leptosporangiate  Ferns. 

{Ill viz  o carps  or  Hydropier  idea’..) 

This  group,  which  has  much  in  common  with  the  isosporous 
ferns,  introduces  a difference  which  becomes  more  and  more 
important  as  we  go  higher  and  higher  in  the  scale.  The  plants 
bear  spores  of  two  kinds,  the  microspores  and  the  macrospores 
or  megaspores.  Each  of  these  in  turn  produces  a special  form 
of  gametophyte,  and  those  which  are  derived  from  the  mega- 
spores never  become  free  from  the  spore,  being  largely  developed 
in  its  interior.  As  we  pass  upwards  from  this  point  this 
peculiarity  becomes  more  and  more  marked,  until  we  find  the 
prothallium  always  completely  endosporous.  The  great  im- 
portance of  this  is  seen  in  that  it  loads  ultimately  to  the 
production  of  the  body  known  as  the  seed,  which  is  the  dis- 
tinguishing feature  of  Phanerogamic  plants. 

The  Hydropteridese  or  lihizocarps  were  till  comparatively 
recent  times  considered  as  a separate  group.  It  is  usual  now  to 
include  them  with  the  Ferns,  to  which  they  show  considerable 
resemblance.  They  are  all  of  aquatic  habit,  and  are  hence 
named  Hydropteridece.  The  group  comprises  four  genera, 
Salvinia,  Azolla,  Pilularia,  and  Marsilea,  which  according  to 
the  arrangement  of  their  sporangia  are  divided  into  the  two  orders 
Salviniacecc  and  Marsilcaccce.  Salvinia  and  Azalia  float  freely 
upon  the  surface  of  water ; each  has  a horizontal  rhizome, 
sometimes  copiously  branched.  Upon  the  rhizome  are  borne 
numerous  leaves  arranged  in  rows,  which  in  Azolla  are  all  alike, 
but  in  Salvinia  are  of  two  kinds,  floating  and  submerged. 
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Azolla  bears  numerous  adventitious  roots ; Salvinia  is  altogether 
rootless. 

In  Salvinia  the  phyllotaxis  is  whorled,  three  leaves  being 
produced  at  each  node.  Of  these,  two  are  broad,  somewhat 
rugose,  entire  floating  leaves,  placed  opposite  each  other.  The 
third  is  divided  into  a number  of  filamentous  branches  which 
hang  dowm  freely  into  the  water  {fig.  898)  and  function  as  roots. 
Tn  Azolla  the  leaves  are  alternate  and  are  arranged  in  two 
rows  on  the  upper  surface  of  the  rhizome.  Each  leaf  is  two- 
lobed,  one  lobe  floating  while  the  other  is  submerged.  Pilitlaria 
and  Marsilea  have  perennial  rhizomes  and  are  attached  to  the 
substratum.  They  are  found  in  bogs  or  marshes.  From  the 


Fig.  898. 


Fit/.  898.  Part  of  a plant  of  Salvinia.  1.  Floating  leaves,  w.  Submerged 
leaves,  s.  Sori.  k.  Apex  of  stem.  B.  Longitudinal  section  through  three 
sori  of  Salvinia.  i,  i.  Two  with  microsporangia,  a.  One  with  mega- 
sporangia. After  Sachs. 

rhizome  the  leaves  grow  vertically  upwards,  being  arranged 
alternately  on  the  stem.  In  the  former  genus  the  leaf  is  un- 
branched and  somewhat  cylindrical ; in  the  latter  it  is  compound, 
bearing  four  leaflets  at  the  end  of  a long  petiole  {figs.  901,  899). 

Both  Pilularia  and  Marsilea  produce  adventitious  roots 
from  the  rhizome. 

In  Salvinia  and  Azalia  the  stem  is  monostelic,  the  stele  being 
of  very  small  dimensions.  It  is  not  furnished  with  a pericycle,  but 
is  surrounded  by  a two-layered  endodermis.  In  the  other  genera 
the  stem  is  at  first  polystelic,  but  eventually  becomes  gamostelic 
from  the  fusion  of  the  separate  steles  to  form  a ring  {fig.  900). 
This  ring  encloses  some  fundamental  tissue  which  simulates  a 
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pith.  It  can  be  distinguished  from  the  latter  by  the  fact  that 
there  is  an  endodermal  band  on  both  sides  of  the  ring  of  bundles. 

The  bundles  are  concentric  in  all  four 
Fig.  899.  genera.  The  fundamental  tissue  contains 

large  intercellular  spaces  or  lacunae. 

The  growth  in  length  of  both  stem 
and  root  is  carried  on  by  means  of  an 
apical  cell,  which  is  either  two-sided  or 
tetrahedral. 

A curious  feature  of  the  leaf  of 
Azolla  is  the  occurrence  of  a pit  or 
cavity  in  the  tissue  of  the  dorsal  lobe 
in  which  small  colonies  of  Nostoc  fila- 
ments are  found,  much  as  in  Antho- 
oeros.  This  is  a case  of  symbiosis,  as 
in  the  latter  plant. 

The  two  orders  Salviniacese  and 
M arsileacete  differ  from  each  other  in 
the  arrangement  of  their  sporangia. 
They  agree  in  having  them  placed  in 


Fig.  900. 


Fig.  899.  Plant  of  Marailen.  K.  Rhizome.  b.  Leaves.  /.  Sporocarps 

springing  from  the  leaf  stalks  at  x.  After  Saolis. Fig.  900.  Stele  of 

M/trsilm,  showing  gamostelic  structure,  a.  Outer  endodermis.  b.  Inner 
endodermis.  c.  Fused  xylem  bundles,  il.  A point  at  which  the  fusion 
does  not  extend  to  the  wood.  e.  Fundamental  tissue  isolated  by  the 
fusion  of  the  steles.  /.  Cortex. 


curious  globular  or  ovoid  bodies,  which  occur  in  Salvinia  and 
Azolla  on  the  submerged  leaves  or  lobes  of  leaves;  in  Marsilea 
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on  stalks  springing  from  the  petioles  of  the  leaves  much  as  in 
Ophioglossum ; and  in  Pilulana  from  the  rhizome  on  the  ventral 
side  of  a leaf. 

In  Salvinia  and  Azolla,  the  two  genera  of  the  Salviniacese, 
the  structure  is  a sorus 

of  sporangia,  covered  in  Pig.  901. 

by  a globular  indusium, 
which  differs  from  the 
corresponding  structure  in 
the  Ferns  by  being  com- 
posed of  two  layersof  cells, 
separated  in  Salvinia  by 
an  air  space  {fig.  898,  B), 
and  by  completely  closing 
over  the  sorus.  In  Azolla 
the  walls  of  the  upper  part 
of  the  indusium  become 
lignified.  At  the  base  of 
the  globular  chamber  so 
formed  there  is  a cellular 
placenta,  from  which  the 
sporangia  spring.  Each 
sorus  consists  either  of 
microsporangia  or  mega- 
sporangia, but  never  con- 
tains both.  The  number 
of  microsporangia  in  a 
sorus  in  both  genera  is 
considerable.  The  mega- 
sporangia are  less  nume- 
rous, the  sorus  of  Salvinia 
containing  not  more  than 
twenty-five,  while  that  of 
Azolla  contains  only  a 
single  one. 

In  the  Marsileaceae 
(Pilularia  and  Marsilea) 
the  sporangia  are  borne  in 
a complex  structure  known 
as  a sporocarp.  This  is 

a modified  leaf-branch,  as  shown  in  fig.  899.  It  is  an  oval  or 
globular  body  with  a very  hard  wall ; its  interior  is  divided  into 
a number  of  chambers,  each  of  which  contains  a sorus.  The  sori 


Fig.  901.  Pilularia  globulifera.  A.  Natural 
size.  B.  End  of  shoot  (enlarged),  s.  Apex  of 
stem.  b,b'.  Leaves,  w.  Hoots.  /.  Sporocarps. 
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contain  both  micro-  and  megasporangia.  In  Mars  ilea  there  is 
in  each  a single  row  of  the  latter  in  the  middle,  and  a double 
row  of  the  former  on  each  side  of  it. 
ment  is  not  so  definite. 


In  Pilularia  the  arrange- 


The  sporocarp  is 
made  to  rupture  by  the 
mucilaginous  character  of 
the  internal  tissue,  which 
absorbs  water  and  causes 
the  wall  of  tbe  sporo- 
carp to  split.  In  Pilularia 
the  rupture  begins  at  the 
apex,  in  Marsilea  it  takes 
place  along  the  side.  In 
the  sporocarp  of  the  latter 
is  a band  or  ring  of  mu- 

Fki.  902. 


Fia.  903. 


I'iri.  902.  Transverse  section 
of  the  sporocarp  of  /‘ilii- 
laria  globulifera.  After 
Honfrey. 


cilaginous  tissue,  to  which 
the  walls  of  the  chambers 
containing  the  sori  arc  at- 
tached. When  the  sporo- 
carp ruptures  by  tbe  swell- 
ing of  this  ring,  the  latter 
protrudes  through  the 
opening,  and  still  swelling 
drags  out  with  it  the  sori 
in  a kind  of  string  or  chain 
(/tg.  903,  BC).  When  free 
from  the  sporocarp  the 
walls  of  the  sori-chambers 

and  those  of  the  sporangia  disintegrate,  setting  free  the  spores. 

The  spores  in  this  group  of  plants  are  characteristic.  Instead 
of  possessing  only  two  walls  and  lying  free  in  the  sporangia,  as 


/'•/(/.  903.  Marsilea  salvalrix.  A.  A sporocarp 
(natural  size).  H.  A sporocarp  which  has 
burst  its  water  anil  is  protruding  its  gelati- 
nous ring.  After  Uapstein.  C.  The  ring 
ruptured  and  extended,  showing  the  sepa- 
rated sori,  sr.  />.  A sorus  showing  mega- 
sporangia  and  tnicrosporangia.  K A sorus 
from  a ripe  sporocarp.  After  Sachs. 
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in  almost  all  other  cases,  they  either  have  a third  coat,  derived 
from  the  epiplasm  of  the  disorganised  tapetal  cells,  or  they 
are  by  this  epiplasm  agglutinated  together  into  one  or  more 
spore  masses.  The  conditions  differ  in  the  different  genera.  In 
Salvinia  all  the  microspores  of  a sporangium  are  fastened  to- 
gether ; in  Azolla  there  are  from  two  to  eight  of  such  masses  in 
a sporangium,  each  being  known  as  a massula.  A delicate  skin 
surrounds  each  massula,  and  this  in  some  species  is  furnished 
with  a number  of  hairs  bearing  barbed  processes,  known  as 
glochidia , at  then  free  ends.  In  the  Marsileaceffi  the  microspores 
are  free  from  each  other,  but  each  is  coated  by  its  epispore  or 
perinium,  derived  from  the  tapetal  epiplasm. 

In  Salvinia,  Pilularia,  and  Marsilea  the  megaspores  are 
similarly  invested,  but  each  one  is  free.  The  outer  layer  of  the 
epispore  in  the  last  two  genera  is  capable  of  swelling  enormously 
on  being  wetted,  surrounding  the  apex  of  the  spore  with  a muci- 
laginous coating. 

In  Azolla  the  epispore  on  the  lower  surface  of  the  megaspore 
is  developed  into  large  spongy  masses  which  serve  as  floats, 
enabling  it  to  drift  about  after  partially  escaping  from  the 
sporangium.  The  upper  surface  is  firmer  and  bears  filamentous 
outgrowths.  The  apex  of  the  spore  is  generally  furnished  with 
a number  of  delicate  filaments  extending  between  the  floats. 
The  glochidia  of  the  massula:  of  microspores  generally  catch  in 
these  filaments,  so  that  the  massulse  are  anchored  to  the  mega- 
spore. 

The  microspores  are  not  set  free  from  the  microsporangium 
in  Salvinia,  but  germinate  in  situ.  In  Azolla  the  separate 
massuhe  escape  and  float  about  in  the  water,  those  that  have 
glochidia  usually  becoming  entangled  in  the  filaments  developed 
from  the  perinium  of  the  megaspore. 

The  gametophyte  in  this  group  shows  considerable  reduction 
when  compared  with  that  of  the  Ferns.  The  heterospory,  as 
already  pointed  out,  involves  the  production  of  two  kinds  of 
gametophyte,  one  from  each  kind  of  spore.  We  have  from  the 
microspore  one  that  bears  only  male  organs,  antheridia,  and 
from  the  megaspore  one  that  bears  only  female  organs, 
archcgonia.  In  neither  case  does  the  gametophyte  become 
entirely  free  from  the  spore  which  gives  it  origin ; in  some 
cases  a good  part  of  it  remains  enclosed  within  the  spore. 

In  Salvinia  the  microspores  germinate  by  putting  out  a 
tubular  protrusion  of  the  endosporc,  which  pierces  the  mucila- 
ginous matter  in  which  they  are  embedded  and  makes  its  way 
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through  the  wall  of  the  sporangium.  It  then  forms  a septum  at 
the  end,  cutting  off  a terminal  cell  which  later  divides  into  two. 
The  tube  constitutes  the  prothallium,  and  its  two  end  cells  after 
further  divisions  form  a rudimentary  anthcridium,  in  which  are 
produced  four  antlierozoids  (fig.  904). 

When  the  antlierozoids  are  mature,  the  anthcridium  ruptures 
as  in  other  cases,  and  the  antlierozoids,  each  in  its  mother  cell, 
escape  into  the  water.  Only  part  of  the  protoplasm  of  the 
mother  cell  is  used  in  the  formation  of  the  antherozoid,  as  in  the 
Ferns. 

Azolla  produces  a similar  male  gametophyte.  In  the  Marsi- 

leaceai  the  latter  is 
formed  within  the 
microspore.  The  first 
division  of  the  spore 
produces  a small  basal 
vegetative  cell  and  a 
larger  apical  one, 
which  forms  an  anthe- 
ridium.  By  successive 
divisions  this  comes  to 
consist  of  eight  cells 
surrounded  by  a pa- 
rietal layer  or  wall. 
The  central  cells  pro- 
duce each  foil  ran  thero- 
zoids.  Throughout  the 
group  the  - male  pro- 
thallium is  destitute  of 
'chloroplastids. 

The  formation  of  the  female  prothallium  is  a good  deal 
alike  in  all  the  genera,  showing  small  differences  in  the  extent 
of  its  protrusion  from  the  spore,  from  which  it  is  never  free. 
The  megaspore  begins  to  germinate  before  its  coats  rupture  ; it 
first  cuts  off  a small  cell  at  its  anterior  end  or  apex,  by  a wall 
known  as  the  diaphragm,  which  thus  divides  the  spore  into 
two.  The  small  cell  at  the  apex  continues  to  divide,  forming  a 
small  celled  tissue  which  soon  protrudes  through  the  spore- 
coats,  owing  to  the  rupture  of  the  latter.  The  emerging  tissue 
develops  chloroplastids  and  becomes  green ; it  constitutes  the 
prothallium.  In  Salvinia  it  is  somewhat  triangular  in  shape  and 
bears  two  winged  appendages  (fig.  905).  In  the  Marsileaceae  only 
a small  part  of  it  protrudes  from  the  opening  of  the  spore. 


Fin.  1)04. 


fig,  001.  Germination  of  microspores  of  Salvinia. 
After  Sachs.  1.  The  mass  of  spores  putting  out 
tubular  protlmlli.  2.  A prothnllus,  with  antlie- 
ridium,  a.  3.  Antlierozoids  in  mother  cells. 
4.  Kuptured  anthcridium. 
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Fig.  905. 


The  lower  cell  takes  no  part  in  the  formation  of  the  pro- 
thallium,  but  remains  almost  unchanged,  becoming  filled  with 
various  reserve  materials  for 
the  nutrition  of  the  young 
embryo  developedlater  on  the 
prothallium.  In  Azolla  its 
nucleus  divides  repeatedly, 
but  no  cell-walls  are  formed 
in  it. 

The  archegonia  are  de- 
veloped at  the  apex  of  the 
prothallium,  three  being 
usually  formed  in  Salvinia, 
but  only  one  in  the  Mar- 
sileaceie  and  Azolla.  If  none 
of  the  first  formed  ones  be- 
come fertilised,  more  are  de- 
veloped later.  The  structure 
is  similar  to  that  of  the  Ferns. 

In  the  germination  of  the 
zygote  or  oospore  Salvinia 
shows  some  peculiar  features. 

It  segments  into  octants  as 
in  the  Ferns,  hut  all  the 
hypobasal  cells  go  to  form 
the  foot.  No  root  is  developed. 

The  first  leaf  or  cotyledon, 
developed  from  two  of  the 
epibasal  cells,  is  of  curious 
shape.  It  is  known  as  the  scutiform  leaf.  In  the  other  three 
genera  there  are  two  cotyledons,  stem,  and  root,  as  well  as  foot. 


Fig.  905.  Gametophyte  produced  by  the 
megaspore  of  Salvinia.  pro.  ProthaUium 
bearing  a,  young  sporophyte.  After 
Pringslieim. 
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Class  VII. — EQUISETINaE. 

The  plants  included  in  this  class,  which  only  includes  the  genus 
Equisetum,  arc  characterised  by  a peculiar  habit ; they  gene- 
rally have  a much-branched  subterranean  rhizome,  from  which 
sub-aerial  shoots  are  given  off  which  rise  erect  and  may  attain  a 
height  of  six  or  seven  feet.  These  aerial  shoots  are  of  two  kinds, 
one  purely  vegetative  and  the  other  ultimately  becoming  termi- 
nated by  a cone-like  collection  of  sporophylls,  forming  a flower. 
The  shoots  are  surrounded  at  every  node  by  a ring  of  small  scale- 
like leaves  cohering  together  at  their  bases,  in  the  axil  of  each 
of  which  a branch  is  produced,  causing  a succession  of  whorls  of 
branches  to  appear.  Each  of  these  has  the  same  structure  as 
the  stem  from  which  it  arises  {fig.  907). 

The  roots  are  adventitious  and  are  produced  from  the  nodes 
of  both  rhizome  and  sub-aerial  stem.  In  the  former  case  they 
grow  into  elongated  structures,  but  in  the  latter  they  remain 
rudimentary  and  never  grow  out  from  the  tissue  of  the  stem. 

In  a few  species  the  flowering  shoot  is  different  from  the 
form  described  above  ; it  either  does  not  produce  branches,  or 
very  few  occur  upon  it,  or  they  are  not  developed  till  the  spores 
are  shed.  In  one  or  two  cases  the  sub-aerial  shoot,  whether 
sterile  or  fertile,  remains  almost  or  quite  unbranched. 

The  green  colour  of  the  plant  is  due  to  the  stem,  the  leaves 
being  brown  and  scaly. 

The  sporophylls  are  gathered  together  at  the  apex  of  the 
fertile  shoot,  and  they  form  a conical  mass  which  may  properly 
be  considered  as  a flower.  Its  structure  is  a thin  cylindrical 
axis  on  which  a number  of  peltate  leaves  are  arranged  close 
together  in  a succession  of  whorls.  Each  leaf  or  sporophyll 
consists  of  a thick  flattened  head,  to  the  centre  of  which  a stalk  is 
attached  at  right  angles.  On  that  side  of  the  peltate  head  or 
blade  which  is  turned  towards  the  axis,  there  are  a number  of 
sessile  sporangia.  Each  leaf  may  bear  from  five  to  ten,  all  of  which 
contain  numerous  spores  {fig.  906). 

Just  below  the  flower  there  is  a ring  of  curiously  modified 
leaves,  forming  what  is  known  as  the  annulus. 

Equisetum  grows  by  means  of  an  apical  cell,  as  do  the  Ferns. 
Such  a cell  is  to  be  found  at  the  apex  of  stem,  branch,  and 
root  {fig.  908). 
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A transverse  section  of  the  rhizome,  taken  a little  way 
from  the  growing  point,  shows  its  exterior  divided  into  ridges 
and  furrows.  Opposite  to  each  furrow  there  is,  a little 

way  from  the  surface, 
Fio.  906.  Fig.  907.  a large  lysigenous 

intercellular  cavity. 
These  together  are 
known  as  vallecular 
cavities.  They  are 
interrupted  at  the 
nodes,  where  a sheet 
of  parenchymatous 
tissue  stretches  across 
them. 

Fig.  908. 


Mu.  90(1.  Fertile  stem  of  /'U/uinetum  bearing  u 

flower  or  cluster  of  sporophylls. Hj.  907. 

Sterile  shoot  of  Equinetum. 

VOL.  II, 


Fig.  908.  Growing  point  of 
shoot  of  Jiquisetum  urvense. 
X '250.  a.  Apical  cell. 
b,  c.  Successive  segments 
cut  off  from  it. 


A little  internal  to 
these  cavities  are  the 
several  steles,  the  plant 
being  schizostelic. 
These  are  arranged 
differently  in  different 
speciep,  and  we  may 
distinguish  three  va- 
rieties. In  E.  li tor  ale 
(fig  909,  a)  the  steles 
are  all  separate,  each  is 
clothed  with  pericycle 
M 
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and  endodermis,  and  they  are  arranged  in  a ring  round  the  stem. 
In  E.  silvaticum  (fig.  909,  b)  the  separate  steles  fuse  together 
laterally,  forming  a gamodesmic  mass.  The  result  is  that  the 
endodermis  is  then  absent  from  the  sides  of  the  steles,  and 
the  portions  remaining  behind  and  in  front  of  each  stele  fuse 


Fig.  909. 


AP 

m(J 


Fig.  BUS).  Diagram  of  stem  in  two 
species  of  Ei/uisetutn.  A.  A’ 
Morale.  The  separate 

handles  or  schizosteles,  each 
with  its  endodermis.  n.  E. 
silvalicum.  The  schizosteles,  s, 
have  their  endodermis  fused 
laterally.  In  both  figures  l — 
cortical  lacunre.  After  Pfitzer. 

Fig.  910.  Section  of  vascular 

bundle  of  Equiselum  limosum. 
rn.  Endodermis.  pe.  Pericycle. 
x.  Xyleni.  ph.  Phloem.  l.  Ca- 
rinal  lacuna.  After  Dippel. 


together,  forming  two  continuous  hands,  one  surj  ounding  the 
whole  collection  and  the  other  forming  an  internal  lining  to  it 
( fuj.  909,  b).  In  E.  pa  lust  re  the  inner  endodermal  layer  is  not 
well  marked,  the  cells  not  thickening  in  the  same  way  as  those 
of  the  outer.  This  rhizome  appears  to  be  monostelic,  though 
it  is  not  really  so. 
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The  centre  of  the  rhizome  is  in  most  cases  filled  with  paren- 
chymatous tissue,  forming  a kind  of  pith.  In  some  it  is  a large 
air-cavity. 

There  is  a considerable  development  of  sclerenchyma  just 
under  the  epidermis,  forming  a very  strong  liypoderma. 

Each  stele  consists  of  a single  closed  collateral  bundle,  the 
wood  of  which  is  much  reduced.  Generally  the  latter  consists  of 
the  protoxylem  and  two  groups 
of  traeheiids  (fig.  910,  a;).  In  the 
region  of  the  wood  the  stele 
contains  a conspicuous  air-space, 
the  carinal  cavity,  into  which 
the  elements  of  the  wood  often 
protrude  (fig.  910,  /). 

The  sub-aerial  shoots  differ 
from  the  rhizome  by  always 
having  a very  large  central 
cavity,  extending  as  before 
through  the  several  internodes 
and  being  interrupted  at  the 
uodes.  The  arrangement  of  the 
steles  is  the  same  as  in  the 
underground  stem.  The  cortex 
shows  similar  lacun®,  but  it 
contains  a number  of  bands  of 
tissue  with  chloroplastids,  which 
vary  in  their  position  and  ar- 
rangement. The  sclerenchyma 
is  developed  in  strands  opposite 
to  the  ridges.  The  epidermis 
contains  in  its  cell-walls  copious 
deposits  of  silica. 

The  vascular  bundles  pursue 
a straight  course  down  the  inter- 
nodes. At  every  node,  each 
bundle  bifurcates  and  the  two 
halves  diverge;  each  half  unites 
with  halt  of  the  next  laterally  placed  bundle,  the  conjoint  bundle 
passing  then  down  the  next  internode  in  the  same  manner.  At 
each  point  of  junction  of  two  half-bundles  a strand  from  a leaf 

joins  the  muted  portions  (fig.  911),  so  that  the  bundles  are 
common. 


Fig.  911. 


1‘iij.  911.  Diagram  of  the  course  of 
the  fibro-vascular  bundles  of  Jiqui- 
■letum  through  two  nodes  and  one 
internode. 
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The  leaf  is  very  rudimentary,  having  only  a single  small 
vascular  strand  passing  up  the  centre.  It  contains  no  chloro- 
plastids. 

The  vascular  cylinder  of  the  root  is  monostelic ; the  stele 
contains  three  wood  and  three  bast  bundles  and  is  invested  by  a 
double-layered  endodermis,  from  the  innermost  layer  of  which 
the  lateral  branches  spring.  There  is  no  pericycle. 

The  sporangia  are  ovoid  bodies,  arranged  with  their  long  axes 
pointing  towards  the  stem.  Each  is  derived  from  several 
epidermal  cells,  the  Equisetinse  being  cusporanr/iate.  The 
wall  of  the  sporangium  is  one  layer  of  cells  deep,  and  these  have 
peculiar  thickenings  similar  to  those  of  the  anthers  of  the  higher 
flowering  plants. 

The  spores  are  all  alike,  the  Equisetinse  being  isosporous. 
A perinium,  or  epispore,  is  developed,  resembling  somewhat  that 
of  the  spores  of  Marsilca.  When  the  spores  are  mature,  this 
coating  splits  up  into  four  bands  which  coil  round  the  spore, 
being  attached  to  one  point  of  its  surface.  These  are  known  as 
elate rs,  and  they  aid  in  the  dissemination  of  the  spores  by  virtue 
of  their  hygroscopic  qualities. 

When  the  spore  germinates  it  produces  a gametophyte  or 
prothallium  very  much  like  that  of  the  Ferns,  but  somewhat 
more  irregular  in  contour. 

The  prothallia  are  generally  dioecious,  producing  antheridia 
or  archegonia,  but  not  both.  The  antheridia  and  archegonia 
closely  resemble  in  structure  and  development  the  corresponding 
organs  in  the  Fern. 

The  embryo  produced  from  the  zygote  has  two  cotyledons, 
contrasting  with  that  of  the  Ferns,  which  has  only  one.  The 
octants,  with  this  exception,  behave  much  as  in  the  latter  group. 

The  Equisetinse  were  represented  in  Carboniferous  times  by 
a very  prominent  group  of  plants  now  known  under  the  name  of 
Calamitea.  Some  of  these  were  heterosporous.  Though  much 
like  the  existing  forms,  they  showed  a certain  variety  in  the 
mode  of  arrangement  of  the  sporophylls.  They  differed  very 
greatly  in  anatomical  structure  on  account  of  the  bundles  being 
open  instead  of  closed.  The  cambium  gave  rise  to  considerable 
amounts  of  secondary  wood  and  bast,  so  that  the  Calamites 
increased  in  thickness  as  do  now  the  Dicotyledonous  flowering 
plants. 
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Glass  VIII.— LYCOPODINAL 

Like  the  Filicinse,  this  class  embraces  both  isosporous  and 
heterosporous  forms,  and  is  divided  accordingly.  The  plant  is 
the  sporophyte,  and  all  the  plants  of  the  class  are  eusporangiate. 
Though  of  a somewhat  higher  type  than  the  Ferns  and  Horse- 
tails with  regard  to  their  processes  of  reproduction,  their  vegeta- 
tive body  is  usually  not  so  conspicuous,  though  in  this  respect 
there  is  a great  deal  of  variety.  The  development  of  the  embryo 
from  the  zygote,  so  far  as  it  has  been  followed  in  the  group,  is 
much  more  like  the  process  found  in  the  Spermaphyta.  The 
foot , so  prominent  in  the  embryo  of  the  Ferns,  is  replaced  by  a 
cell  or  filament  of  cells  known  as  a susjiensor,  and  a special 
absorbing  structure  is  developed  from  the  epibasal  portion  of 
the  embryo,  which  is  often  erroneously  spoken  of  as  a foot. 
It  functions  in  the  same  way  as  a true  foot,  but  is  developed 
from  an  altogether  different  part  of  the  embryo.  We  have, 
indeed,  in  the  action  of  the  foot  in  the  Ferns  and  of  this  new 
organ  in  the  Lycopodinae  an  instance  of  the  same  physiological 
function  being  discharged  by  morphologically  different  members. 

Section  1. — Isosporous  Lycopodin®. 

Included  in  this  section  are  two  Natural  Orders,  Lycopodiaceae 
and  Psilotaceae,  each  of  which  comprises  two  genera,  Lycopodium 
and  Phylloylossum,  Psilotum  and  Tmesipteris. 

Lycopodium  is  much  the  largest  genus,  comprising  many 
species  of  very  varying  external  appearance.  Generally  there  is  a 
very  much-branched  wiry  stem,  sometimes  growing  underground, 
sometimes  creeping  on  the  surface,  sometimes  erect.  It  is 
closely  covered  with  variously  arranged  small,  pointed  leaves, 
which  are  very  numerous.  The  stem  sometimes  branches  dicho- 
tomously,  sometimes  monopodially. 

Besides  the  foliage  leaves  the  plant  bears  sporophylls,  which 
are  often  very  different  in  appearance  from  the  former,  and  are 
collected  into  flowers  at  the  end  of  the  branches.  The  flowers 
are  cones,  consisting  of  spirally  arranged  leaves  bearing  the 
sporangia  in  their  axils  or  on  the  upper  surface  of  the  leaf-stalk 
{fid-  914).  In  some  species  the  collection  of  the  sporophylls  into 
cones  is  not  so  obvious,  and  then  the  sporophylls  closely  resemble 
the  foliage  leaves.  The  roots  are  all  adventitious,  and  in  many 
cases  arise  from  superficial  cells  of  the  stem. 
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Phylloglossum  has  a tuberous  stem,  from  the  apex  of  which 
about  six  leaves  spring.  These  are  longer  than  in  Lycopodium 
and  form  a sort  of  rosette,  from  the  centre  of  which  arises  a 
peduncle  bearing  the  single  flower.  This  is  a small  simple  cone, 
the  upper  leaves  of  which  do  not  bear  sporangia.  The  whole 
plant  is  only  a few  inches  in  height. 

P silo  turn  in  appearance  resembles  a very  small  bush.  It 
has  a much-branched  subterranean  rhizome,  from  which  arise 
numerous  sub-aerial  stems.  There  are  no  roots,  the  subterranean 
shoots  discharging  their  functions.  The  foliage  leaves  are 


comes  replaced  by  a small-celled  meristem  resembling  that 
of  the  apical  growing  point  of  the  Phanerogams.  In  a few 
cases,  but  only  exceptionally,  an  apical  cell  occurs.  The  stem  is 
monostelic,  and  its  vascular  bundles  arc  arranged  radially  as 
in  most  roots  {fig.  913).  There  are  generally  numerous  wood 
and  bast  bundles,  the  protoxylcm  and  protophloem-  of  which 
are  placed  alternately  in  a circle  round  the  stele,  abutting  on  the 
pseudo-pericycle.  As  the  wood  develops,  the  separate  bundles 
become  united  together,  fusing  into  masses  of  irregular  pattern, 
between  which  lie  masses  of  bast  similarly  foi  med  by  fusion  of  the 


considerably  reduced, 
being  very  small  and 
sparsely  distributed. 
The  sporophylls  are 
bilobed  and  stalked. 


Tmesipteris  grows 
upon  the  trunks  of  tree 
ferns,  the  stems  being 
pendulous  and  clus- 
tered. Each  stem  is 
slender  and  crowded 
with  linear  sessile 
foliage  leaves,  among 
which  occur  sporo- 
phylls much  like  the 
former,  but  stalked  and 
bearing  sporangia. 


j ig,  !)1 2.  Jjjjcopodl urn  inundation,  Mnrsli  Olub-moss. 
The  stem  is  creeping,  and  bears  numerous  small 
sessile  imbricate  leaves. 


The  anatomy  of 
the  stem  in  this  group 
presents  some  very 
characteristic  features. 
The  apical  cell  of  the 
lower  Cryptogams  be- 
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primary  bundles.  In  their  downward  course  the  fused  masses  of 
wood  are  found  to  separate  again  and  rejoin  in  other  ways,  the 
anastomoses  causing  the  transverse  section  of  the  stem  to  pre- 
sent different  patterns  at  different  levels.  The  endodermis  is 
usually  thick-walled,  and  surrounds  a layer  which  occupies  the 
place  of  a pericycle,  but  which  is  really  cortical  and  not  stelar 
in  its  origin.  This  layer  usuall  y gives  rise  to  the  adventitious  roots. 

The  root  is  similar  in  structure  to  the  stem,  but  it  contains 


Fig.  913. 


Fiy.  913.  Section  of  stem  of  Lycopodium,  ep.  Epidermis,  i-n.  Jimlodermis 
!><■.  Pseuilo-pencynle.  pc.  Groups  of  protoxylem.  ph.  Phloem.  After  Sachs. 


fewer  bundles  of  wood  and  bast.  Its  apical  meristem  is  com- 
posed of  small  cells. 

I he  stem  or  tuber  of  Phylloglossum  contains  little  vascular 
tissue.  Lundies  from  the  leaves  and  roots  anastomose  where 
they  enter  it,  and  from  the  network  a single  strand  passes 
up  to  the  peduncle  of  the  cone. 

Loth  1 nilotum  and  Tnicsiptens  agree  with  Lycopodium  in 
being  monostelic,  with  bundles  arranged  radially.  The  cortex  of 
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the  stem  of  Lycopodium  can  be  divided  into  two  areas,  composed 
of  thick-walled  woody  cells  with  small  intercellular  spaces. 
The  cells  of  the  inner  area  have  the  thickest  walls.  The  cortex 
is  crossed  by  bundles  passing  out  from  the  stele  to  the  leaves. 

The  sporangia  in  Lycopodium  and  Phylloglossum  are  simple 
and  stalked.  They  arise  on  the  leaves  near  their  insertion 

Fig.  914.  Fig.  915. 


/•V;/.  Ill  I.  Longitudinal  section  of  cone  of  Lycopodium,  showing  the  sporangia 

in  the  axils  of  the  sporophylls. tig.  !)15.  Lycopodium  annolinnm. 

p.  Vrotliallimn.  I,  The  young  plant,  w.  Its  root.  After  Funkhauser. 

( fig.  914).  They  arise  from  several  cells  instead  of  from  a single 
one  as  in  the  Ferns.  They  show  no  special  peculiarity  in  their 
development.  The  spores  are  all  of  one  kind. 

In  Psilotum  and  Tmesipteris  the  sporangia  are  bilocular 
or  trilocular,  being  synangia,  as  in  the  Marattias.  They  are 
stalked  bodies,  borne  upon  the  upper  surface  of  the  bilobed  sporo- 
phyll  at  the  junction  of  its  two  lobes. 
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The  gametophyte  or  prothallium  (fig.  915, ^j)  is  only  known  in 
the  genus  Lycopodium,  and  shows  considerable  variety  of  form. 
In  some  species  it  is  a small  tuberous  body,  with  a colourless  base 
from  which  root -hairs  spring,  and  an  apex  which  is  divided  into 
several  green  lobes;  in  others  it  is  altogether  tuberous.  In  other 
species  again  it  is  larger  and  is  a cylindrical  branched  body 
bearing  gametophores.  It  bears  both  antheridia  and  archegonia, 
which  resemble  the  corresponding  organs  in  the  eusporangiate 
Ferris.  The  antherozoids  do  not  exhaust  the  protoplasm  of  the 
mother  cells  in  which  they  are  developed,  but  a small  portion  of 
it  remains  attached  to  them  on  their  liberation  as  in  the  Ferns. 
They  are  biciliate. 

The  development  of  the  sporophyte  from  the  zygote  is  only 
known  in  L.  Phlegmaria.  The  first  division  gives,  as  before, 
epibasal  and  hypobasal  segments.  The  hypobasal  cell  does  not 
as  a rule  divide,  but  elongates  slightly  to  form  the  suspensor. 
The  epibasal  cell  gives  rise  to  the  embryo,  which  consists  of  a 
primary  stem,  bearing  a single  cotyledon.  The  part  of  the  axis 
below  the  cotyledon  becomes  the  pseudo-foot  already  spoken  of. 
It  is  really  a hypocotyl.  There  is  no  primary  or  true  root,  but 
an  adventitious  one  speedily  arises  from  below  the  cotyledon. 

In  two  other  species  ( L . cernuum  and  L.  inundatum)  the 
later  stages  in  the  development  have  been  followed,  but  the  early 
ones  are  unknown.  In  them  the  appearance  of  the  primary  stem 
is  preceded  by  the  development  of  a tuberous  body  which  bears 
the  cotyledon  and  subsequently  the  stem  at  its  apex.  From  its 
base  adventitious  roots  arise  exogenously. 

Besides  these  modes  of  reproduction  the  vegetative  method 
is  not  uncommon.  Some  species  of  Lycopodium  multiply  by 
gemma*,  others  by  tuberous  outgrowths  from  the  roots,  others  by 
the  detachment  of  branches.  Phylloglossum  produces  annually 
a single  branch,  which  develops  into  the  tuber  of  the  succeeding 
year.  P silo  turn  sometimes  bears  gemmae  on  its  rhizomes. 

Section  2.— Heterosporous  Lycopodin^e. 

In  this  section  we  have  two  genera  grouped  together,  about 
whose  close  affinity  there  is  some  doubt.  These  are  Selaginella 
and  Iso'ctcs.  Of  the  relationship  of  the  former  to  the  isosporous 
Lycopodime  there  can  be  no  doubt,  but  some  authorities  lean  to 
the  view  that  the  affinities  of  Isoetes  are  rather  to  the  Ferns  than 
to  the  present  group.  This  view  is  based  upon  its  general  habit, 
the  large  leaves  and  the  small  stem  being  much  more  like  the 
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Ferns  than  the  Lycopods;  its  embryogeny,  the  liypobasal  cell 
not  giving  rise  to  a suspensor ; the  isolated  position  of  its 
sporangia,  and  the  form  of  its  antherozoids.  On  the  other  hand, 
it  shows  relationship  to  the  Lycopods  in  the  occurrence  of  the 
sporangia  on  the  upper  surface  of  the  leaf  near  the  base ; in  the 
peculiar  features  of  the  gametophyte  arising  from  the  megaspore, 
which  approaches  the  condition  obtaining  in  the  Gymnosperms 
even  more  closely  than  that  of  Sclaginellci ; in  the  occurrence 
of  a peculiar  outgrowth  of  the  leaf  close  to  the  sporangium, 
which  is  shared  only  by  Selaginella ; and  in  the  structure  of 
its  apical  meristem.  The  adventitious  nature  of  the  first 
root  also  supports  this  view  of  its  position. 

The  heterosporous  Ly- 
copodinae  have  sometimes 
been  called  the  Ligulatcc, 
from  the  occurrence  of  the 
particular  outgrowth  re- 
ferred to,  which  is  known 
as  the  lign  le.  Selaginella 
is  the  best  known  repre- 
sentative, and  in  many 
respects  is  the  highest  type 
represented  in  the  group. 
Its  form  shows  more 
variety  than  that  of  any 
other  genus  ; the  stem  is 
slender,  herbaceous,  and 
sometimes  erect,  some- 
times creeping;  almost 
always  showing  a bilateral 
symmetry,  which  is  very 
evident  when  it  is  much  branched;  the  branches  spread  out  in  a 
flattened  manner,  and  show  an  evident  difference  between  the 
upper  and  under  sides.  The  branching  is  apparently  dichotomous 
and  the  stem  a sympodium.  Recent  investigations  tend  to  the  view 
that  the  dichotomy  is  only  apparent,  and  that  it  is  really  lateral. 

The  stem  bears  numerous  small  leaves  of  very  simple  struc- 
ture. They  are  arranged  in  pairs,  which  are  of  unequal  size,  one 
leaf  being  much  smaller  than  the  other.  The  successive  pairs 
decussate  with  each  other,  and  in  many  cases,  by  some  distortion 
in  growth,  the  small  leaves  come  to  lie  on  the  upper  surface  of 
the  stem,  while  the  larger  ones  are  on  the  lateral  flanks  {fig.  916). 
Each  leaf  bears  the  peculiar  ligule  spoken  of  above. 


Fio.  916. 


Dili.  Scltujiiii'lln  helve! im.  .s.  Stan.  o.  Small 
leaves  of  upper  surface,  u.  Larger  leaves  of 
lateral  Hanks. 
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The  roots  are  adventitious  as  in  other  cases,  even  the  primary 
root  proceeding  from  the  epibasal  half  of  the  zygote.  This  pri- 
mary root  soon  perishes ; the  adventitious  roots  which  succeed 
it  spring  from  the  lower  surface  of  the  stem,  or  from  peculiar 
naked  branches  termed  rhizophores , which  grow  down  into  the 
soil  and  develop  roots  from  their  apices. 

The  sporophylls  are  usually  aggregated  at  the  ends  of  certain 
of  the  branches ; they  form  their  flowers  much  as  in  Lycopodium, 
but  there  is  not  quite  so  sharp  a distinction  between  the  flowers 
and  the  foliage  leaves  as  in  the  latter  case.  The  sporangia,  which 
are  of  two  kinds,  spring  from  the  axils  of  the  sporophylls,  or 
in  some  cases  from  the  surface  of  the  stem  just  above  the  inser- 
tion of  the  latter. 

The  megasporangia  usually  contain  four  megaspores ; the 
number  of  microspores  is  generally  large. 

In  the  details  of  its  anatomy  Selaginella  presents  some  very 
characteristic  appearances.  The  apical  meristem  is  sometimes 
small-celled  and  stratified,  but  in  some  species  there  is  a definite 
apical  cell.  In  others  there  is  a group  of  two  or  three  large  cells 
which  behave  like  apical  cells.  The  stem  as  seen  in  section 
(fig.  917)  is  composed  of  parenchymatous  or  prosenchymatous 
cells,  embedded  in  which  are  one  to  three  steles,  the  polystelic 
condition  being  the  most  usual.  There  is  no  sclerenchyma, 
and  but  few  intercellular  spaces  ; sometimes,  indeed,  the  latter 
are  absent  altogether.  Each  stele  is  enclosed  in  a large  air- 
chamber,  and  this  chamber  is  crossed  by  delicate  rows  of  cells 
or  trabeculae,  which  attach  the  stele  to  the  walls.  The:  steles 
are  gamodesmic,  and  consist  of  a variable  number  of  bundles 
which  have  their  protoxylem  groups  external,  abutting  on  the 
pericycle.  A frequent  number  of  bundles  in  the  stele  is  two  of 
xylem  and  two  of  phloem ; in  such  case  the  structure  much 
resembles  the  stele  of  the  Fern  stem,  the  protoxylem  being  on 
the  outside  as  in  the  former  case.  The  structure  is  really  of 
the  same  kind  as  in  Lycopodium , the  bundles  being  originally 
disposed  radially.  Not  being  so  numerous  as  in  the  latter  case, 
the  subsequent  fusions  do  not  lead  to  so  complicated  a woody 
mass. 

The  leaves  contain  a single  bundle,  which  in  like  manner  is 
slung  in  an  air-chamber.  The  base  of  the  leaf  is  sometimes 
dilated  into  a kind  of  pulvinus,  which  is  chiefly  occupied  by  the 
air-cavity.  The  intercellular-space  system  being  so  much 
reduced,  the  stomata  of  the  leaf  open  into  these  air-chambers. 

The  tissue  of  the  root  is  more  compact,  there  ai-e  no  air- 
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chambers,  and  usually  a single  central  stele.  The  structure  of 
the  rhizophore  resembles  that  of  the  root. 

The  sporangia  are  developed  much  as  in  Lycopodium ; the 
megasporangia  differ  from  the  microsporangia  in  the  number 
of  divisions  that  take  place  in  the  cells  of  the  archesporium. 
In  the  latter  case  many  mother  cells  are  produced,  each  giving 
rise  to  four  tetrahedral  microspores  ; in  the  former  case  not  so 
many  are  formed,  and  only  one  of  them  as  a rule  divides  to 
form  spores.  Hence  the  mature  megasporangium  contains  four 
megaspores. 


Fio.  917. 


Fig.  1)17.  Section  of  stem  of  Selaginella  showing  three  steles,  a,  b.  Air-chambers. 

The  male  gametophyte  arises  from  the  microspore,  and  is 
very  similar  to  that  oiMarsilea.  The  spore  divides  into  two  cells, 
a small  vegetative  one  at  the  apex,  and  a large  basal  one  which 
by  repeated  divisions  produces  a single  antheridium,  having  a 
wall  enclosing  the  mother  cells  of  the  antherozoids.  The  micro- 
spore dofls  not  rupture  until  the  antherozoids  are  developed. 

The  germination  of  the  megaspore  gives  rise  to  a prothal- 
lium which  is  very  largely  endosporous.  The  spore  contains  a 
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small  amount  of  protoplasm  surrounding  a large  central  vacuole. 
By  free  cell -formation  a small  primary  prothallium  is  formed  at 
the  apex  of  the  spore,  which  is  soon  separated  from  the  remainder 
of  the  spore-cavity  by  thickening  of  the  cell-walls  of  its  lower 
layer,  forming  a diaphragm  not  unlike  that  of  Salvinia.  The 
protoplasm  of  the  lower  part  of  the  spore  increases  till  the  cavity 
is  filled  with  it.  By  free  cell -formation  it  develops  a tissue 
much  like  that  of  the  primary  prothallium  but  with  larger  cells. 
This  has  been  called  the  endosperm.  The  upper  portion  of  the 
prothallium  is  after  its  formation  exposed  to  light  and  air  by  the 


FUj.  918.  Germination  of  macrospore  of  Selaginella.  After  Pfeffer. 
arch.  Archegonium.  ein,  cm.'.  Young  embryos. 

rupture  of  the  megaspore  at  its  apex  ; it  then  becomes  green  from 
the  development  of  chloroplastids.  Generally  it  bears  only  one 
archegonium,  never  more  than  a limited  number.  Frequently 
the  number  produced  depends  upon  whether  the  first  becomes 
fertilised.  They  have  the  same  structure  as  those  of  the  euspor- 
angiate  Ferns. 

The  archegonia  have  the  usual  structure  found  in  the  group. 
Fertilisation  of  its  oosphere  is  also  normal. 

When  the  zygote  is  formed  and  its  germination  begins,  the 
process  is  similar  to  that  of  Lycopodvum.  The  hypobasal  seg- 
ment becomes  the  suspensor,  which  by  its  elongation  forces  the 


Fig.  918. 
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Fig.  019. 


young  embryo  down  into  the  tissue  filling  the  cavity  of  the  spore, 
the  so-called  endosperm.  The  epihasal  cell  forms  four  octants, 
and  from  these  arise  the  growing  points  of  the  stem  and  of  two 
cotyledons.  As  the  growth  of  the  embryo  proceeds,  a pseudo-foot 
is  developed  from  the  hypocotyledonary  region,  and  the  direc- 
tion of  growth  of  the  axis  becomes  changed,  so  that  the  stem 
gradually  curves  upwards  to  emerge  from  the  spore  at  the  crack 
at  its  apical  region,  through  which  the  prothallium  is  partially 
protruding.  The  foot  remains  embedded  in  the  tissue  of  the 

endosperm  and  absorbs 
its  contents.  The  first 
root  is  developed  from 
cells  in  the  interior  of 
the  hypocotyl  between 
the  foot  and  the  sus- 
pensor. 

The  other  member 
of  this  section,  Isoetes, 
differs  from  Selaginella 
very  markedly  in  its 
habit.  It  has  a short 
tuberous  stem  some- 
what lobed  externally, 
from  which  spring 
numerous  leaves  in  a 
cluster. ' The  leaves 
are  long  and  narrow, 
some  of  the  cluster  be- 
ing fertile  and  some 
sterile.  The  fertile 
leaves  bear  large  spo- 
rangia in  a kind  of  pit 
upon  the  upper  surface 
at  their  base.  The 
raicrosporophylls  are  developed  later  than  the  megasporophylls. 
Each  leaf  bears  a ligule  as  in  Selaginella.  Numerous  roots 
spring  from  the  under  side  or  base  of  the  tuberous  stem,  and 
these  branch  dichotomously. 

The  stem  is  monostelic,  and  grows  by  ameristem,  which  con- 
sists of  several  large  so-called  apical  cells.  The  stele  is  com- 
posed of  a number  of  fused  collateral  bundles,  which  are  common 
and  run  out  into  the  leaves.  Outside  the  bast  of  the  bundles  is 
a merismatic  ring,  which  forms  vascular  tissue  internally,  and 


I'm.  JH'.t.  hoc  ten  IrtcnshUtt,  Luke  Quill-wort.  Till.: 
stem  is  small  ami  enrm-like,  anil  bears  its  leaves, 
which  are  linear-cylindrical,  in  tufts. 
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externally  adds  to  the  cortex  of  the  stem.  Isoetes  thus  increases 
in  thickness,  but  somewhat  irregularly,  the  distribution  of  the 
new  cortical  tissue  being  interrupted  at  places  in  the  ring,  so 
causing  the  furrows  noticeable  on  its  exterior. 

The  leaves  have  a single  bundle,  which  is  of  a somewhat  re- 
duced type.  It  runs  down  the  middle  of  the  blade  into  the  stem, 
and  joins  the  ring  of  the  stele.  Four  large  air-spaces  run  down 
the  whole  length  of  the  leaf  in  the  parenchymatous  tissue 
{fig.  920). 

Fig.  1)20. 


Fig.  920.  Transverse  section  of  leaf  of  Isoetes  lacus/ris.  a.  Air-chamber. 
b.  Fibro-vaseular  bundle. 

The  root  differs  from  the  stem  in  having  a small-celled 
stratified  apical  meristem.  Its  stele  contains  only  one  or  two 
bundles  of  xylem  and  phloem. 

The  sporangia  are  much  more  bulky  than  in  any  other  of  the 
Lycopodime.  They  arise  in  a depression  or  pit  on  the  upper 
sm  face  of  the  leaf  just  above  its  base,  a little  below  the  insertion 
of  the  ligule.  Isoetes  is  eusporangiate,  the  sporangium  arising 
from  a group  of  cells.  In  the  microsporangium  the  archesporial 
tissue,  which  becomes  bulky,  has  its  cells  arranged  in  radial  rows, 
springing  from  a sort  of  pad  or  cushion  at  its  base.  There  takes 
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place  in  the  archesporium  then  a process  of  sterilisation  of 
certain  of  these  cells,  recalling  the  formation  of  the  elaters  in  the 
Liverworts.  The  sterile  cells  extend  as  trabeculae  Or  strands 
across  the  interior  of  the  sporangium,  so  that  in  transverse 
section  it  appears  to  be  septate.  In  the  microsporangium  other 
cells  also  sterile,  though  derived  from  the  archesporium,  form  a 
tapetum,  which  surrounds  the  mass  of  microspores.  In  the 
megasporangium  there  is  a similar  formation  of  trabeculae,  but 
the  arrangement  of  the  rest  of  the  archesporial  tissue  is  different. 
There  are  fewer  cells,  which  are  consequently  larger,  and  a tape- 
tum is  formed  round  each  mother  cell. 

The  sterilisation  of  the  tissue  forming  the  trabeculae,  like  that 
of  the  tapetum,  is  probably  due  to  the  need  of  distributing 
nourishment  for  the  spores  throughout  the  large  sporogenous 
mass. 

The  gametophytes  of  Isoctes  closely  resemble  those  of 
Selaginella.  The  prothallium  derived  from  the  megaspore  is 
even  more  completely  cndosporous,  the  development  being 
advanced  to  the  stage  of  maturity  of  the  archegonia  before  the 
spore  splits.  The  prothallium  consequently  never  becomes 
green.  The  antheridia  and  archegonia  resemble  in  all  points 
those  of  Selaginella. 

The  development  of  the  young  sporophyte  from  the  zygote 
recalls  that  of  the  Ferns.  Both  epibasal  and  hypobasal  segments 
divide  to  form  the  octants ; the  hypobasal  ones  all  combine  to 
form  the  foot,  but  the  first  root  is  developed  from  the  epibasal 
segments,  which  also  give  rise  to  the  stem  and  the  single 
cotyledon.  The  root  is  consequently  adventitious,  as  in 
Selaginella. 

Like  the  Equisetince,  the  Lycopodimo  were  represented  in 
Carboniferous  times  by  very  massive  forms  which  showed  great 
cambial  activity  in  the  development  of  their  trunks  and  roots. 
Of  these  Lepidodendvon  is  the  best  known  example. 
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CHAPTER  VI. 

Group  IV. 

SPERMAPHYTA  OR  PHANEROGAMIA. 

This  group  of  plants,  so  long  considered  as  one  standing  apart 
from  and  above  all  others,  or  corresponding  in  classificatory 
value  to  the  whole  of  the  Cryptogams,  is  now  held  to  be  properly 
only  upon  an  equal  footing  with  the  other  groups  already  dis- 
cussed. The  gradual  increase  of  complexity  of  structure  of 
the  sporophyte,  associated  with  the  progressive  degradation  of 
the  gametophyte,  reaches  its  maximum  in  this  group,  which 
appears  as  the  fourth  member  of  the  series  into  which  the 
Vegetable  Kingdom  is  now  divided. 

The  heterosporous  character  of  the  sporophyte,  which  we 
have  seen  to  appear  irregularly  in  the  Pteridophyta,  is  here 
constant.  The  microspores  are  developed  in  much  the  same 
wray  and  in  about  the  same  numbers  as  in  the  latter  group ; the 
megaspores  show  a considerable  degradation,  and  the  mega- 
sporangia never  become  free  from  the  parent  plant  until  some 
time  after  their  gametophytes  are  mature,  not  indeed  until  the 
young  sporophyte  or  embryo  produced  by  each  of  the  latter  has 
attained  a considerable  degree  of  development.  The  result  is 
that  a peculiar  structure  known  as  the  seed  makes  its  appearance 
for  the  first  time  in  this  group  of  plants.  As  its  development 
shows  some  variability,  it  will  be  well,  for  the  present,  to  defer 
its  consideration.  On  account  of  its  constant  occurrence,  the 
group  is  sometimes  called  the  Spermaphyta.  • 

The  general  morphology  and  anatomy  of  the  group  have 
formed  the  subject  of  the  greater  part  of  the  first  two  sections  of 
this  manual,  and  need  not,  therefore,  be  treated  of  at  length  iu  the 
present  chapter. 

The  chief  remaining  points  calling  for  attention  in  connection 
with  the  Phanerogams  are  the  structure  of  the  sporophylls  ; the 
development  of  their  sporangia,  and  spores  ; the  gametophyte 
generation  ; and  the  embryogeny  of  the  sporophyte. 
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The  arrangement  of  the  sporopliylls  has  been  discussed  in 
connection  with  the  morphology  of  the  reproductive  organs 
(Vol.  I.  Chapter  II.),  where  their  collection  with  other  leaves 
into  special  branches,  called  flowers,  has  been  fully  treated  of. 

This  development  of  a special  branch  system  in  connection 
with  the  occurrence  of  spores  has  been  seen  in  the  previous 
groups,  especially  in  the  Pteridophyta,  not  to  be  peculiar  to  the 
Phanerogams,  but  to  be  clearly  indicated  in  the  Equisetime  and 
the  Lycopodime.  What  is,  however,  exceptional  in  the  lower 
forms  becomes  in  the  Phanerogams  a constant  and  characteristic 
feature  of  their  life. 

It  has  been  already  pointed  out  that  in  the  Phanerogams  the 
sporangia,  though  usually  borne  upon  leaves,  are  sometimes  axial 
in  their  origin  {Jig.  921).  This  is  seen  in  the  case  of  both  micro- 
sporangia and  megasporangia. 
When  borne  upon  leaves,  these 
arc  known  as  microsporophylls 
and  megasporophylls  respec- 
tively. The  microsporophylls 
are  also  called  stamens , or 
staminal  leaves;  while  the  mega- 
sporophylls are  termed  carpels , 
or  in  some  cases  carpellary 
leaves  or  scales. 

The  microsporangia,  often 
called  pollen  sacs,  are  situated  at 
different  places  upon  the  stamen 
or  staminal  leaf.  In  the  Gymno- 
sperms  they  are  upon  the  under  side ; in  the  Angiosperms 
upon  both  surfaces.  The  megasporangia,  or  ovules,  arise  from 
a special  parenchymatous  cushion  already  described  as  the 
placenta,  which  in  the  Gymnosperms  is  usually  on  the  ventral 
surface  of  the  sporophyll  or  carpellary  scale,  but  in  the  Angio- 
sperms is  almost  always  a development  of  the  margin  of  the 
carpel.  The  carpel,  or  frequently  the  collection  of  carpels  in  a 
flower,  forms  by  various  cohesions  at  their  bases  in  the  latter 
case  a closed  chamber  or  ovary  in  which  the  megasporangia  are 
concealed. 

Based  on  this  latter  point  we  have  the  classification  of  the 
Phanerogams  into  two  large  divisions,  Gyn.nospermce,  in  which 
the  ovules  are  exposed,  and  Angiospermce,  in  which  they  are 
enclosed  in  an  ovary.  Each  of  these  large  groups  presents 
important  peculiarities,  the  Gymnosperms  approaching  the 


Fig.  921. 


/•'ll/.  021.  Vertical  section  of  flower 
of  Pimpernel,  showing  axial  tnegn- 
sponingm. 
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Pteridophyta  much  more  nearly  than  the  other  forms,  especially 
in  the  structure  of  the  gametophyte  and  the  differentiation  of  the 
sexual  organs. 

The  Microsporophylls,  and  their  Sporangia. — The  micro- 
sporopliyll  varies  a good  deal  in  its  form  ; in  the  Gymnosperms 
it  may  be  a flattened  leaf  with  sporangia  on  its  under  surface  ; 
it  may  be  a peltate  scale,  something  like  that  of  the  flower  of 
Equisetum,  or  it  may  be  a short  branched  axis  bearing  a variable 
number  of  anther  lobes.  In  the  Angiosperms  it  is  the  structure 
already  described  as  a stamen , consisting  of  a filament,  carrying 
at  its  apex  a swollen  head  or  anther. 

The  Microsporangia  are  distributed  in  various  ways  upon  the 
sporophyll ; in  most  cases  in  groups  which  are  to  be  considered 
as  sori,  corresponding  to  the  sori  in  the  Ferns  and  their  allies. 
In  the  Gymnosperms  the  flattened  staminal  leaf  of  the  Conifers 
has  a sorus  of  two  sporangia  on  its  back ; the  sporophylls  of 
the  Cvcads  bear  a number  of  groups  of  sporangia,  each  group 
representing  a sorus.  The  anther  of  the  Angiosperms  contains 
a sorus  of  four  sporangia,  the  pollen  sacs.  The  indusium  or 
membrane  covering  the  sorus  in  the  Ferns  is  represented 
doubtfully  in  the  Cupressinese,  where  the  sporangia  when  young 
are  covered  by  an  outgrowth  of  the  under  surface  of  the  sporo- 
phyll. 

Whether  the  sporangia  arise  upon  a sporophyll  or  upon  the 
axis,  their  mode  of  development  is  the  same.  They  are 
eusporangiate,  that  is,  they  originate  in  a group  of  several  cells. 
In  the  young  anther,  at  four  places,  corresponding  to  the  anther 
lobes,  a row  of  hypodermal  cells  is  seen  to  be  somewhat 
different  from  the  rest  in  their  mode  of  dividing.  In  a trans- 
verse section  of  the  anther  they  appear  as  four  cells,  as  the  row 
nms  longitudinally.  The  hypodermal  cell  so  seen  in  transverse 
section  cuts  off  a cell  from  itself  on  its  exterior  face  ; this 
division  is  followed  by  another  one  parallel  to  the  first,  so  that 
the  original  cell  or  archesporium  is  replaced  by  a row  of  three, 
of  which  the  innermost  has  come  to  lie  more  deeply  in  the 
tissue.  The  outer  two  take  no  part  in  the  development  of  the 
spores,  which  arise  from  the  inner  one.  The  one  lying  next  to 
this  is  the  first-formed  part  of  a nutritive  layer  which  is  made  to 
extend  round  the  sporogenous  cell  by  divisions  taking  place  in 
the  tissue  next  it.  This  layer  is  known  as  the  tapet'Um  and 
has  only  a transitory  existence.  The  outermost  of  the  three 
cells  becomes  similarly  extended,  and  the  walls  of  those  cells 
which  arc  towards  the  exterior  become  thickened  spirally, 
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constituting  the  external  wall  of  the  pollen  sac.  Both  these  layers 
become  composed  of  many  cells,  owing  to  radial  or  anticlinal 
divisions  of  those  first  formed.  The  innermost  cell  divides  into 
a variable  number  of  cells,  which  are  the  mother  cells  of  the 
microspores  or  pollen  grains.  Each  mother  cell  gives  rise  to  four 
special  mother  cells ; in  the  Monocotyledons  by  ordinary  cell- 
division  twice  repeated,  the  plane  of  the  second  division  being  at 
right  angles  to  that  of  the  first : in  the  Dicotyledons  the  four 
special  mother  cells  are  arranged  at  the  four  angles  of  a tetra- 
hedron, as  described  in  the  case  of  the  Ferns.  Each  special 
mother  cell  gives  rise  to  a pollen  grain,  or  microspore,  by  a 

process  of  reiuvenes- 

Fig.  922. 
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cence.  The  tapetum, 
and  frequently  the 
walls  of  the  original 
mother  cells,  become 
disorganised,  forming 
a sort  of  mucilagi- 
nous fluid  in  which 
the  spores  float.  As 
they  mature  their 
walls  are  thickened 
from  within  and  usu- 
ally form  two  coats, 
the  intine  and  the 

/■'if/,  022.  Development  of  pollen  in  the  stamen  exine.  The  exine 

of  /Aivdtcvd.  1,  2.  ^ oun(f  stnves.  1.  1 r.msverse,  * nfton  cnrioimlv 

2.  Longitudinal,  section  of  anther,  a,  (I.  Tapetnm.  lh  )uTn  i nnibi.v 

l>,  c.  Sporogenons  cells.  :!.  Later  stage.  /.  Tapetnm.  marked  with  spines 

<?.  Four  special  mother  cells  of  the  pollen.  After 

Dodcl-Port.  01  11(lSes>  auc  ™ 

the  deposition  of 

matter  upon  it  from  the  disorganised  tapetal  cells.  Eventually 


the  spores  lie  free  in  the  cavity  of  the  sporangium. 

Dehiscence  is  secured  by  the  hygroscopic  character  of  the 
wall  of  spirally  thickened  cells  described  above,  which  under ^ 
different  atmospheric  conditions  ruptures  either  by  longitudinal 
or  transverse  slits,  or  occasionally  by  a pore  at  or  near  the  apex. 

The  microspore  so  formed  is  a rounded,  or  oval,  or  rarely  an 
elongated  body,  containing  protoplasm  and  nucleus,  and  a quan- 
tity of  reserve  food  material  consisting  of  protcids,  starch,  oil,  &c. 
It  has  usually  two  coats,  of  which  the  outer  is  hard  and  thickened, 
the  inner  thin  and  delicate.  In  some  of  the  Gynmosperms  the 
outer  coat  is  expanded  at  two  places  at  the  base  of  the  spore  to 
form  two  bladder-like  bodies  which  are  filled  with  air. 
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The  two  coats  are  usually  distinct  from  each  other,  but  in 
some  pollen  grains  they  are  adherent,  except  at  special  spots,  at 
which  the  exine  will  rupture  when  the  spore  germinates.  In 
some  cases  there  is  no  exine,  particularly  in  some  aquatic 
plants. 

The  microspores  do  not  always  become  free  from  each 
other ; in  the  Mimosce  they  are  bound  together  by  the  special- 
mother-cell  walls  into  groups  of  four  or  more ; in  the  Orchids 
and  Asclepias  the  whole  mass  is  usually  coherent,  forming  the 
pnllinium. 

The  Megasporophylls  and  the  Megasporangia.  — The 
appearance  of  the  megasporophylls  has  already  been  described. 
In  the  Angiosperms  they7  are  the  carpels,  and  may  be  either 
free  or  coherent  together.  In  the  Coniferse  of  the  Gymnosperms 


they  are  flattened,  scale - 
like  leaves,  each  of  which 
bears  two  sporangia  on  an 
outgrowth  of  its  upper 
face.  In  some  of  the 
Cycads  they  are  small 
pinnate  leaves,  the  lower 
pinnae  only  bearing  the 
sporangia.  In  others  they 
are  peltate  scales  with  the 
latter  on  their  under  side, 
much  resembling  the 
microsporophylls. 

The  development  of 
the  megasporangium  or 
ovule  takes  place  by  the 
division  of  certain  hypodermal  cells  of  the  placenta,  whether 
the  latter  be  upon  a sporophyll  or  upon  the  axis.  These 
cells  divide  repeatedly  periclinally  till  the  young  sporangium 
appears  as  a little  protrusion  of  tissue,  whose  cells  are  arranged 
in  radial  rows  (fig.  925).  In  the  most  usual  case  the  terminal 
cell  of  the  central  row  becomes  the  archesporium.  The  growth 
of  the  mass  of  the  sporangium,  known  as  the  nucellus,  has 
already  been  described  (Vol.  I.  p.  212)  and  its  various  shapes 
mentioned.  From  its  base  arise  the  integuments,  usually  two  in 
number,  which  accompany  it  in  its  growth  and  finally  surround 
it,  except  at  the  apex,  where  the  micropylc  is  left. 

While  this  development  is  proceeding  changes  take  place  in 
the  interior.  The  original  archesporium,  which  is  a single  cell 


Fig.  923. 


Fig.  924. 


Fig.  923.  A mature  ovnlifer- 
ous  scale  of  the  Scoteli  Fir 
(Finns  syhiestris),  with  two 
winged  naked  seeds  at  its 
base.  mic.  Micropyle.  ch. 

Clmlaza. Hg.  92-1.  A 

scale  of  the  Larch,  bearing 
one  naked  winged  seed  ; the 
other  seed  has  been  re- 
moved. 
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cuts  off  one  or  sometimes  two  cells  at  its  apex,  the  innermost  of 
which  represents  the  tapetum.  These  tapetal  cells  in  some  cases 
divide  repeatedly,  especially  in  the  Gymnosperms,  so  that  the 
innermost  cell  often  comes  to  lie  deep  in  the  tissue  of  the 
nucellus.  This  is  frequently,  in  the  same  group,  secured  by 
additional  multiplication  of  cells  derived  from  the  epidermis 


Fig.  925. 


Fin.  825.  Early  development  of  an  .metropolis  ovule.  1-G.  Successive 
stages,  a,  b.  Inner  Integument,  e,  d.  Outer  integument.  A’., S'.  Embryo 
sac.  After  Kny. 


of  the  nucellus  over  the  apex  of  the  archesporium.  The 
innermost  cell  produced  by  the  archesporial  divisions  now 
enlarges  to  a considerable  extent.  It  represents  the  mother 
cell  of  the  spores  of  the  microsporangium.  Instead  of  dividing 
to  form  special  mother  cells  as  in  the  latter,  it  becomes  itself 
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the  single  spore.  It  was  formerly  described  as  the  embryo  sac, 
as  the  embryo  ultimately  makes  its  appearance  in  it.  During 
its  growth,  which  is  very  considerable,  it  absorbs  the  cells  around 
it,  often  to  such  an  extent  that  it  leaves  nothing  of  the  original 
nueellar  tissue.  It  may  even  encroach  upon  the  integuments. 
It  then  forms  a large  cell,  clothed  only  by  the  integuments  of 
the  sporangium.  If  the  absorption  of  the  nucellus  is  not 
complete,  the  remainder  of  its  cells  form  the  tissue  already 
alluded  to  as  the  perisperm. 

The  nucellus  of  the  ovule  is  seen  thus  from  its  development 
to  be  the  megasporangium  of  the  Phanerogam,  and  to  corre- 
spond to  the  megasporangium  of  Selaginella.  It  differs  from 
the  latter  in  that  the  mother  cell  of  the  spore  becomes  itself  the 
spore,  whereas  in  Selaginella  the  corresponding  cell  divides 
twice,  forming  four  megaspores.  It  differs  further  in  not 
secreting  a thickened  coat,  its  wall  always  remaining  thin  and 
delicate,  except  in  the  Cycadese,  where  it  is  double. 

Though  this  is  the  usual  course  of  development  in  the 
Phanerogams,  there  are  many  variations  of  the  process  known. 
More  than  one  row  of  cells  in  the  nucellus  may  give  rise  to 
archesporia,  and  consequently  more  than  one  embryo  sac  or 
megaspore  may  be  produced.  Eventually  only  the  central  one 
becomes  mature,  the  others  perishing  early.  In  some  cases, 
instead  of  a single-spore  mother  cell  occurring,  this  divides  into 
a number  of  sporogenous  cells,  of  which  again  several  may  begin 
to  develop  into  megaspores,  though  ultimately  only  one  of 
them  matures.  In  a few  plants  the  original  archesporium  does 
not  cut  off  any  tapetal  cells. 

The  features  of  the  gametophyte  generation  and  the  embryo- 
geny  of  the  sporophyte  differ  considerably  in  the  Gymnosperms 
and  the  Angiosperms,  and  will  be  best  described  in  connection 
with  those  respective  groups. 
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DIVISION  A. — GYMN0SPERM2E. 

Class  IX. — GYMNOSPEBMJE. 

The  plants  included  in  this  class  are  distinguished  from 
those  of  the  next  by  their  megasporophylls  never  forming  an 
ovary.  In  habit  they  are  shrubs  or  trees,  generally  of  consider- 
able size.  In  our  climate  they  are  chiefly  represented  by  the 
Coniferous  trees,  Firs,  Larches,  &c.,  which  have  a monopodially 
branched  stem.  They  usually  bear  elongated  branches,  and  in 
some  families  dwarf  shoots  arise  upon  them,  which  consist  of 
small  fascicles  of  two  or  more  elongated  green  leaves  springing 
from  a short  axis  and  surrounded  at  their  bases  by  minute 
withered  or  brown  scales.  The  number  of  leaves  in  each 
fascicle  varies  in  different  genera.  In  some  cases  the  foliage 
leaves  are  borne  exclusively  on  these  dwarf  shoots ; ill  others 
they  arise  also  on  the  elongated  shoots.  In  others  again  they 
are  confined  to  the  latter,  and  dwarf  shoots  do  not  occur. 

The  stem  in  other  members  of  the  group  is  a short  thick 
trunk,  bearing  large  pinnate  leaves;  in  Welwitschia  it  is  very 
short  and  bears  only  two  leaves,  which  are  very  long. 

A few  forms  have  a bushy  habit,  with  wiry  stems  which 
bear  no  foliage  leaves,  but  only  a number  of  scales. 

The  sporangia  are  of  two  kinds,  as  already  stated.  The  micro- 
sporophylls  are  usually  collected  into  cones,  and  bear  the 
sporangia  on  their  lower  surfaces.  The  megasporangia  are 
axial  in  Taxus  and  in  the  Gnetacecc ; in  the  other  cases  they 
are  borne  on  sporophy  11s.  These,  like  the  microsporophylls,  are 
generally  arranged  in  cones,  but  the  sporangia  are  on  the  upper 
surface  at  the  base  of  the  sporophyll,  sometimes  upon  a large 
placental  scale.'  In  Cycas  the  sporophyll  is  a pinnate  leaf,  the 
lower  pinna1  of  which  arc  replaced  by  megasporangia.  A cluster 
of  these  sporophjdls  is  developed  at  the  apex  of  the  stem  among 
the  foliage  leaves. 

The  development  of  the  sporangia  and  of  the  spores  has 
already  been  described. 

A few  features  of  the  histology  are  remarkable.  The  stem 
is  of  the  same  type  as  that  of  the  Dicotyledons,  but  is  peculiar 
in  that  the  wood1  formed  by  the  cambium,  except  in  the  Gnetacecc , 
al  ways  consists  of  fusiform  tracheidswith  bordered  pits  upon  their 
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radial  walls.  The  sieve  tubes,  like  those  of  the  Pteridophyta, 
have  no  companion  cells.  There  is  a great  development  of 
secreting  ducts  in  most  cases,  the  secretion  being  either  resin  or 
mucilage. 

The  Gametophyte. — As  there  are  two  kinds  of  spore,  there 
are  two  forms  of  gametophyte,  the  male  organs  occurring  on  the 
one  developed  from  the  microspore,  the  female  on  that  proceed- 
ing from  the  megaspore. 


Fig.  S26.  A.  Pollen  grain  of  Picea  excelsa,  showing  commencement  of 
germination,  w,  if.  TUp  wings.  1.  The  large  vegetative  cell  ; its  proto- 
plasm is  contracted  : its  nucleus  : 2,  3,  the  two  collapsed  cells  ; 4 and 

5,  the  stalk  cell  and  generative  cell  not  yet  completely  divided  from  one 
another.  B.  A little  older  grain,  showing  germination  a little  further 
advanced  and  the  pollen  tube  beginning  to  appear  as  an  outgrowth  of  the 
large  cell,  1.  Lettering  as  before,  c.  More  advanced  stage,  showing  only 
upper  part  of  the  pollen  tube.  The  generative  cell,  5,  has  divided  into  two, 
each  with  a very  large  nucleus,  x 240.  After  Strasburger. 

The  pollen  grain  generally  begins  to  germinate  before  it  is 
set  free  from  the  microsporangium.  It  divides  into  two  cells 
one  of  which  is  much  larger  than  the  other.  In  some  species 
more  than  one  small  cell  is  produced,  the  whole  series  of 
them  being  then  looked  upon  as  a rudimentary  prothallium. 
The  small  cells  which  are  formed  first  are  soon  absorbed, 
except  the  last  one,- which  is  known  as  the  anlheridial  cell. 
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It  soon  divides  into  two,  one  of  which  remains  small,  while 
the  other  increases  and  projects  for  some  distance  into  the 
cavity  of  the  larger  cell  (fig.  926,  b).  The  projecting  cell  is 
known  as  the  generative  cell,  the  smaller  one  being  termed  the 
stalk  cell.  After  the  pollen  grain  has  been  liberated  from  the 
sporangium  the  large  cell  grows  out  into  a long  filamentous 
body,  known  as  the  pollen  tube ; its  wall  is  composed  only  of 
the  intine  of  the  spore,  the  exine  rupturing  to  give  it  exit. 

The  generative  cell  and  the  nucleus  of  the  vegetative  cell 
both  make  their  way  down  the  pollen  tube ; the  vegetative 
nucleus  breaks  up  and  disappears  ; the  generative  cell  divides 
into  two,  which  represent  the  mother  cells  of  antherozoids  of 
the  Pteridophyta,  while  the  stalk  cell  disintegrates  and  disappears. 
In  Ginkgo  and  in  a species  of  Cycas  these  cells  give  rise  to 
ciliated  antherozoids  of  peculiar  shape.  In  all  other  cases  the 
antherozoid  is  not  differentiated.  In  some  forms  there  is  a still 
further  division  of  the  generative  cells  at  the  apex  of  the  pollen 
tube.  The  ultimate  cells,  whether  the  divisions  be  one  or  many, 
are  naked  cells  and  constitute  the  male  gametes.  They  are 
eventually  extruded  from  the  pollen  tube. 

The  prothallium  which  is  produced  from  the  megaspore  is 
sometimes  called  the  endosperm.  It  is  never  exposed  as  in  the 
Pteridophyta.  The  nucleus  of  the  megaspore  divides  repeatedly 
till  a large  number  of  nuclei  are  present;  these  are  arranged  in  a 
layer  in  the  protoplasm  lining  the  spore;  then  between  them 
cell-walls  are  formed,  and  a peripheral  cellular  layer  is  thus 
constituted.  The  cells  of  this  layer  by  ordinary  cell-division 
produce  a tissue  which  fills  the  spore.  This  is  the  prothallium. 
Archegonia  arc  developed  at  its  apical  end,  having  almost  the 
same  structure  as  in  the  Pteridophyta.  They  arise  from 
superficial  cells,  and  have  a neck  and  a venter,  in  which  lie  the 
neck-canal -cells,  ventral-canal-cells,  and  oospliere  respectively. 

The  microspore  germinates  upon  the  apex  of  the  mega- 
sporangium. The  pollen  tube  penetrates  the  latter  by  the 
micropyle  and  bores  its  way  into  the  tissue  of  the  nucellus 
during  its  development,  as  described  above.  The  apex  of  the 
tube  comes  to  the  summit  of  the  megaspore,  where  the  necks 
of  the  archegonia  are  situated.  It  pierces  the  coat  of  the  spore 
and  either  enters  the  neck  of  a single  archegonium  or  spreads 
over  several.  A male  gamete  is  extruded  from  the  tip  into  the 
oospliere  or  oospheres  as  the  case  may  be,  and  the  nuclei  of  the 
two  gametes  fuse  to  form  the  nucleus  of  the  new  zygote. 

This  is  the  general  arrangement  throughout  the  group  ; but 
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variations  are  found  in  some  forms,  particularly  in  the 
Gnetaceaj. 

Tlie  fate  of  the  zygote  differs  a good  deal  in  the  different 
Natural  Orders  of  the  group.  The  Conifers?  are  the  most 
regular,  and  may  be  first  discussed.  The  embryo  is  derived 
from  only  part  of  the  zygote  ; its  nucleus  goes  down  to  the  base 
of  the  cell  and  divides  into  two,  and  each  of  these  into  two ; the 
four  nuclei  become  four  cells  by 
protoplasm  aggregating  round 
them  and  cell-walls  being  formed 
between  them.  Each  cell  of  the 
four  divides  twice  transversely, 
so  that  instead  of  four  cells  there 
are  four  tiers,  each  tier  consisting 
of  three  cells.  Each  of  the  middle 
cells  grows  out  into  a suspensor. 
the  top  cells  of  each  tier  attach 
the  suspensor  to  the  rest  of  the 
zygote,  while  the  terminal  cells 
give  rise  to  four  embryos. 

This  mode  of  development 
is  that  characteristic  of  the 
Abietacese  ; in  the  Cupressinea? 
a single  tier  of  three  cells  is  first 
formed ; in  Thuja  only  the  two 
upper  cells  undergo  longitudinal 
division,  so  that  a single  embryo 
is  formed,  furnished  with  four 
suspensor  cells ; in  Juniperus 
all  three  divide  as  in  the  Abie- 
taceaj.  Picea  excelsa  of  the 
Abietacea*  resembles  Thuja  in 
only  forming  one  embryo  in- 
stead of  four.  In  the  Cupres- 
sinea;  the  elongation  to  form  the 
suspensor  takes  place  in  the  top 
cell  as  well  as  the  middle  one. 

In  the  Cycadoie  the  embryo  is  formed  by  a process  of  free- 
cell formation  leading  to  the  construction  of  a mass  of  cells,  the 
lower  part  of  which  grows  out  into  the  tissue  of  the  pro- 
thallium, forming  a suspensor,  at  the  end  of  which  an  embryo 
is  developed.  Ephedra  of  the  Gnetacete  behaves  similarly,  but 
each  embryonic  cell  grows  out  separately  in  the  same  way, 


Pig.  1)27. 


Fig,  927.  Megasporangium  (ovule)  of 
Finns  at  maturity.  After  Dodel- 
Port.  mac,  Megaspore,  end.  Ga- 
metopliyte  or  protliallium.  arch. 
Archegonia.  p.r/.  Pollen  grain  or 
microspore,  which  lias  been  trans- 
ported to  the  micropyle  of  the  ovule 
and  has  put  out  its  prothallium,  the 
pollen  tube,  p.t. 
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and  so  several  embryos  are  formed  * in  Ginkgo  the  mass  of 
cells  formed  in  the  zygote  constitutes  the  embryo,  and  there  is 
no  suspensor.  Other  modifications  occur  in  Welwitscliia  and 
Gnetum. 

In  most  cases  the  zygote  gives  rise  to  a number  of  embryos  ; 
in  the  ripe  seed,  however,  only  one  is  usually  present,  the  others 
perishing  in  the  course  of  development. 

The  seed  is  always  albuminous ; a good  deal  of  the  pro- 
thallium persists,  forming  an  endosperm,  and  a certain  amount 
of  the  original  nucellus  is  also  present,  forming  perisperm. 
The  embryo  is  found  embedded  in  the- endosperm  : it  consists  of 
an  axis,  with  plumule  and  radicle,  and  bears  a variable  number 

of  cotyledons,  sometimes  only 
1 io.  928.  one,  sometimes  as  many  as 

fifteen.  The  growing  point 
of  the  root  is  peculiar,  being 
differentiated  in  the  body  of 
the  embryo,  some  distance 
from  its  lower  end.  The 
integument  of  the  mega- 
sporangium  becomes  hard 
and  woody  and  forms  the 
testa  of  the  seed. 

The  megaspore  remains 
in  the  sporangium  or  ovule 
all  the  time  these  changes 
are  proceeding,  and  the 
sporangium  does  not  become 
detached  from  the  sporophyte 
from  which  it  originated.  The  resulting  structure  is  the  seed 
whose  composition  has  just  been  described.  In  this  body  we 
have  consequently  three  generations  represented.  From  the 
original  sporophyte  are  derived  the  testa,  the  perisperm  or 
nucellus  of  the  megasporangium,  and  the  embryo  sac  or  mega- 
spore. From  the  gametophyte  we  have  the  endosperm  or 
prothallium.  From  the  zygote,  the  commencement  of  the  new 
sporophytic  generation,  we  have  the  embryo,  which  is  the 
young  sporophyte  itself. 

The  Gymnosperms,  arc  considered  to  be  lower  in  the  scale  of 
development  than  the  Angiosperms,  and  to  approach  the  Pterido- 
phyta  in  some  points  more  closely  than  they  do  the  former. 
This  is  particularly  the  case  in  the  history  of  their  gametophytes, 
which  differ  in  hardly  any  respect  from  those  of  Selaginella 


/riii.  SI2H.  Beginning  of  development  of 
embryo  in  Pimm.  The  right-lmnd  ovum 
is  n little  the  more  advanced. 
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except  that  they  are  entirely  enrlosporous.  Their  origin  from 
Cryptogainic  ancestors  is  indisputable,  but  the  exact  line  of 
descent  is  uncertain.  There  are  many  points  which  suggest 
that  they  may  not  all  have  developed  along  the  same  line.  The 
Conifers  show  great  resemblances  to  the  Lycopodinae,  but  the 
Cycads  resemble  the  Ferns  in  many  important  respects.  Certain 
fossil  plants  have  been  discovered  which  exhibit  affinities  with 
heterosporous  ferns  on  the  one  hand  and  with  recent  Cycadeee 
on  the  other,  and  which  have  consequently  been  called  Cycado- 
filiccs. 

The  direct  relations  between  Gymnosperms  and  Angio- 
sperms  are  also  obscure.  There  is  no  great  reason  to  suppose 
that  the  latter  have  descended  from  the  former. 

The  Gymnosperms  are  subdivided  into  three  large  classes, 
the  Cycadece,  the  Coniferce,  and  the  Gnetacece,  of  which  the 
first  named  appears  to  be  the  oldest.  These  groups  have  fre- 
quently been  described  as  Natural  Orders,  but  they  are  certainly 
not  groups  of  such  minor  importance  as  the  Natural  Orders  of 
the  Angiosperms,  which  will  be  described  in  a subsequent 
chapter.  For  the  present  we  may  regard  them  as  sub-classes. 

Sub-Class  I. — Cycade/E. 

These  are  plants  which  resemble  the  Tree  Ferns  in  their 
habit,  but  their  leaves  show  an  external  similarity  with  those 
of  the  Palms.  Their  stems  are  not  very  tall,  and  are  unbranched, 
beai-ing  a crown  of  pinnate  leaves,  which  • are  circinate  in 
vernation.  Besides  these,  the  stems  bear  a number  of  closely-set 
scaly  leaves,  which  cover  their  surfaces.  The  fiowers  are  of 
two  kinds,  staminate  and  pistillate.  The  staminate  flowers  re- 
call to  some  extent  the  arrangement  of  the  sporangia  of  Eqici- 
eetum,  being  usually  a large  collection  of  stamens  or  micro- 
sporophylls,  arranged  in  cones.  The  pollen  sacs  are  situated  on 
the  backs  of  the  sporophylls,  in  Cycas  itself  being  grouped  in 
sori.  The  pistillate  flowers,  in  all  the  genera  except  Cycas,  also 
form  cones,  each  megasporophyll  being  a peltate  scale  and 
bearing  two  ovules  or  megasporangia  on  the  side  nearest  the  axis. 
In  Cycas  there  is  no  pistillate  flower  ; a whorl  of  mcgasporopliylls 
taking  the  place  of  a whorl  of  foliage  leaves.  These  are  pinnate, 
and  a number  of  the  lower  pinnae  are  replaced  by  the  ovules, 
which  are  of  considerable  size.  The  seeds  are  large  and  con- 
tain a single  embryo,  embedded  in  endosperm  and  attached  to 
a coilcd-up  filamentous  suspensor.  They  are  covered  by  a testa, 
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which  has  a succulent  external  layer,  and  inside  it  a horny  one. 
There  is  only  one  Natural  Order,  the  Cyoadacece. 

Sub-Class  II. — Conifers. 

This  group  includes  the  Pines,  Firs,  Cypresses,  Yews,  &c. 
They  are  usually  trees  which  exhibit  monopodial  branching  of 
the  trunk,  so  that  they  attain  a considerable  height  and  are  often 
beautifully  pyramidal  in  form.  They  differ  very  markedly  in 
appearance  from  the  Cycads.  The  long  branches  or  shoots  in 
which  the  branch  system  terminates  are  crowded  with  small, 
often  acicular  leaves.  In  some  genera  these  leaves  are  arranged 
directly  on  the  long  shoots,  in  others  they  are  borue  in  small 
fascicles  of  leaves  upon  a very  short  branch.  The  number  of 
leaves  in  each  short  branch  may  be  two  or  may  be  several ; 
the  collection  is  known  as  a dwarf  shoot,  and  is  covered  at  its 
base  by  brown  or  withered  scales.  In  other  genera,  again,  leaves 
arise  upon  both  long  and  dwarf  shoots.  The  leaves  are  ever- 
green and  do  not  show  the  ordinary  dorsiventral  structure.  They 
belong  to  the  type  of  centric  leaves,  described  in  a preceding 
chapter. 

The  flowers  are  in  some  cases  monoecious,  in  others  dioecious  ; 
they  have  no  perianth.  The  staminate  flowers  are  grouped 
together  in  very  short  catkins  or  cones,  and  consist  in  the  latter 
case  of  a number  of  flattened  or  concave  sporophylls,  imbricated 
closely  round  a short  axis.  Each  sporophyll  bears  typically  two 
pollen  sacs  or  microsporangia  on  its  under  surface.  In  Taxus 
each  sporophyll  is  branched  and  bears  five  to  eight  pollen  sacs  on 
its  under  surface  (fig.  9132).  The  pistillate  flowers  are  usually 
woody  cones,  consisting  of  an  axis  round  which  are  arranged 
spirallya  large  number  of  imbricated  sporophylls.  From  the  base 
of  each  of  these,  or  in  its  axil,  arises  a large  scale,  on  the  upper 
surface  of  which  are  arranged  two  orthotropous  ovules.  The 
morphology  of  the  scale  has  been  very  much  disputed,  but  it 
appears  probable  that  it  should  be  regarded  as  a placental 
development.  Some  writers  consider  it  to  be  the  modified  outer 
integument  of  the  ovule,  which  indeed  has  only  a single  coat. 
In  the  Abietcicece  these  ovuliferous  scales  grow  after  fertilisa- 
tion into  large  woody  structures,  which  are  usually  much  more 
conspicuous  than  the  sporophylls.  Their  upper  parts  become 
hard  and  woody,  and  completely  hide  the  sporophylls  from  sight. 
In  the  Taxoidecc,  on  the  other  hand,  these  ovuliferous  scales  are 
wanting.  In  some  genera,  as  Juniperus,  the  cone  instead  of  being 
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wood}7  becomes  succulent.  In  most  of  the  Taxoidece  the  ovules 
are  borne  at  the  end  of  a branch  of  the  axis,  either  singly  or  in 
pairs,  and  in  some  cases,  as  in  Taxus,  are  surrounded  when 
ripe  by  a fleshy  aril. 

Pollination  is  always  effected  by  the  agency  of  the  wind; 
the  pollen  grains  of  some  species  are  furnished  with  two  bladder- 
like outgrowths,  which  facilitate  this  mode  of  dissemination. 
In  those  genera  whose  pistillate  flower  is  a cone,  the  period  of 
the  dispersion  of  pollen  sees  a change  in  the  degree  of  compres- 
sion of  the  megasporophylls,  the  latter  becoming  a little  farther 
apart  from  each  other,  so  that  pollen  falling  on  the  cone  can 
reach  the  ovules.  The  pollen  grain  passes  actually  through  the 
micropyle  to  the  uucellus,  the  micropyle  being  considerably 


Fig.  929. 


Fig.  930. 


Fig.  931. 


Fig.  929.  A ripe  cone  of  tlie 
Larch  (Pin us  [.lines]  Larix). 

Pig.  930.  A mature 

ovuliferous  scale  of  the 
Scotch  Fir  (Pin  us  sijlvestris ), 
with  two  wingeil  naked  seeds 
at  its  base.  mic.  Micropyle. 

ch.  Chalaza. fig.  931.  A 

scale  of  the  Larch  bearing 
one  naked  winged  seed;  the 
other  seed  lias  been  removed. 


dilated  to  admit  it.  Subsequently  the  integument  closes  to  a 
certain  extent  over  the  pollen  grain,  pressing  it  to  the  surface 
of  the  nucellus.  This  little  space  below  the  micropyle  is  often 
called  the  pollen  chamber. 

The  germination  of  the  pollen  is  very  slow,  and  the  penetra- 
tion of  the  tissue  of  the  nucellus  by  the  pollen  tube  takes  a long 
time,  which  varies,  however,  in  different  genera.  In  some  a 
month  suffices,  in  others  a year  elapses  before  fertilisation  is 
complete,  the  growth  of  the  pollen  tube  taking  place  in  two 
stages.  At  the  time  of  pollination  the  ovule  is  altogether  im- 
mature. During  the  growth  of  the  pollen  tube  the  development 
ol  the  prothallium  is  completed  and  the  archegonia  and  oospheres 
are  matured.  In  a very  large  number  of  cases  several  oospheres 
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are  fertilised,  and  consequently  several  embryos  are  formed. 
One  of  them  only,  however,  persists,  except  occasionally  in 
Ginkgo.  The  embryo  has  usually  several  cotyledons. 

The  Coniferaj  can  be  subdivided  into  two  large  groups  or 
families,  the  Pinoidece  and  the  Taxoidece,  the  former  embracing 
several  Natural  Orders. 

Pinoidece. — The  plants  of  this  family  usually  bear  then- 
sporangia  in  cones,  which  are  generally  woody.  The  ovules  are 
seated  on  the  tapper  faces  of  the  ovuliferous  scales,  which  arise 
from  the  megasporophylls.  The  seed  has  a hard  testa  and  is  not 
furnished  with  an  aril. 

The  principal  Natural  Orders  included  in  this  group  are  the 
Araucariaceee,  the  Abietavcce , which  includes  the  Pines  and  the 
Firs,  the  Taxodiacece,  and  the  Cupressmece,  or  Cypresses. 

Order  1.  Auaucariace/e. — A small  family  of  Malayan,  Austra- 
lian, and  South  American  plants.  The  ovules  are  solitary,  and  the 
microsporangia  free.  The  leaves  are  arranged  in  a close  spiral. 

Order  2.  Aisietace/e. — The  plants  of  this  family  include  the 
Pino  trees  and  Fir  trees.  They  are  pyramidal  trees,  exhibiting 
monopodial  branching ; the  leaves  are  arranged  in  spirals,  and  are 
awl-shaped  and  taper  generally  to  a sharp  point.  Some  bear  their 
leaves  on  dwarf  shoots.  The  flowers  are  monoecious,  and  the 
placental  or  ovuliferous  scale  is  very  conspicuous ; after  ripening  it 
sometimes  forms  two  wings  to  the  seeds.  The  embryo  has  usually 
five  to  fifteen  cotyledons. 

Dwarf  shoots  are  present  in  the  genera  Larix,  Cedrus , and  Pinus , 
but  are  absent  from  Abies  and  Picea.  Abies  is  peculiar  in  that  the 
megasporophylls  and  their  attached  placentas  separate  from  the 
axis  after  ripening.  The  leaves  of  Larix  fall  off  much  sooner  than 
those  of  the  other  genera,  and  the  dwarf  shoots  produce  a new  supply 
annually.  The  dwarf  shoots  of  Pinus  last  for  not  more  than  three 
years ; they  bear  the  only  green  leaves  of  the  tree,  the  long  shoots 
carrying  scales. 

Order  3.  Taxouiace/E. — The  phyllotaxis  is  spiral  throughout ; 
the  megasporophylls  bear  two  to.nine  ovules  on  a pectinate  placental 
scale. 

Order  4.  Corressine.’e. — The  plants  of  this  family  have  much 
smaller  leaves,  which  are  arranged  usually  in  whorls.  The  flowers 
are  dioecious  in  Juniperus , monoecious  in  Cupressus.  The  micro- 
sporophylls  are  peltate,  and  have  several  pollen  sacs  on  their  under 
surfaces.  The  pistillate  cone  is  short  and  almost  globular ; the 
separate  sporophylls  fitting  closely  together  by  their  edges.  The 
placental  scale  is  not  distinct  from  the  sporophyll,  which  is  almost 
peltate  in  shape,  and  bears  on  the  surface  which  is  towards  the  axis  of 
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the  flower,  one,  two,  or  more  ovules.  The  fruit  in  Cupressus  is  termed 
a galbulus  ; it  is  hard  and  woody  like  the  cone.  When  mature  the 
sporophylls  separate  from  each  other  all  along  their  edges,  allowing 
the  seeds  to  fall  out.  In  Juniperus  the  sporophylls  become  succulent. 

Taxoide.e. — The megasporangiate  flowers  are  not  cones;  the 
ovules  are  often  naked  and  terminal ; the  seeds  are  surrounded 
by  an  aril  or  have  a succulent  testa ; the  plants  are  usually 
dioecious. 

There  is  only  one  Natural  Order,  the  Taxaceai,  which  is  repre- 
sented in  Britain  by  the  Yews.  The  ovule  is  terminal  in  this  group, 
and  underneath  it  are  two  to  three  pairs  of  bracteoles.  As  the  seed 
matures  an  aril  grows  up  round  it,  which  is  fleshy  and  sweet,  and  of 
a rich  scarlet  colour  (fig.  933).  The  staminate  flower  (fig.  932)  con- 


sists of  a short  axis,  branched  at  the  apex  and  bearing  five  to  eight 
pollen  sacs.  A whorl  of  bracteoles  occurs  at  its  base. 

One  of  the  families  of  the  Taxacere,  the  Ccphalotaxece , includes  the 
curious  genus  Ginkgo,  which  has  fan-shaped  leaves  on  long  stalks. 
The  ovules  arise  normally  in  pairs,  and  the  seeds  have  no  aril.  The 
seed  is  separated  from  the  parent  plant  soon  after  fertilisation,  and 
its  development  is  completed  independently.  At  the  time  of  severance 
it  contains  no  embryo. 


These  are  in  many  respects  the  most  highly  developed  of  the 
Gymnosperms.  The  sub-class  includes  the  three  genera,  Gnetum , 
Welwitschia,  and  Ephedra , which  are  strikingly  unlike  each 
other  in  appearance,  but  which  agree  in  having  a rudimentary 
perianth  to  their  pistillate  flowers.  The  megasporangia  which 
are  included  in  this  perianth  are  axial  in  position,  as  they  are  in 
Taxu8.  They  differ  from  the  Conifer®  in  having  two  cotyledons 


Fig.  932. 


Fig.  933. 


Sub-Class  III. — Gnetace®. 


vol.  it. 
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to  the  embryo,  and  in  exhibiting  true  vessels  in  their  secondary 
wood. 

There  is  only  one  Natural  Order,  the  Gnetacece. 

Welivitschia  has  a short  thick  stem  projecting  a very  little  way 
above  the  soil  ; it  bears  a pair  of  opposite  oblong,  very  long,  leathery 
leaves,  which  are  usually  much  torn.  In  the  axils  of  these  the  plant 
bears  both  staminate  and  pistillate  cones.  Ephedra  has  long  slender 
jointed  stems,  giving  it  a bushy  habit.  The  leaves  are  very  small, 
and  are  united  into  a sheath  round  the  stem,  giving  the  plant  a 
superficial  resemblance  to  an  E^uisetum.  Gnetum  has  opposite 
leaves,  lanceolate  in  shape,  with  pinnate  venation. 
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DIVISION  B. — AN GIO SPEBMVE . 

In  this  division  the  evolution  of  the  dower  reaches  its  highest 
point ; the  micro-  and  megasporophylls  are  usually  found  in 
the  same  dower ; the  former  are,  as  a rule,  much  modified  in 
shape,  and  their  foliar  character  is  at  first  sight  difficult  to 
grasp ; they  form  the  structures  described  already  as  stamens, 
each  consisting  normally  of  a filament  and  an  anther,  the 
latter  bearing  the  microsporangia  or  pollen  sacs.  The  mega- 
sporophylls are  carpels,  and  are  either  distinct  or  coherent  to- 
gether. In  either  case  the  ovules  or  megasporangia  are  con- 
tained in  a closed  cavity,  or  ovary,  formed  by  the  cohesion  in 
various  ways  of  the  carpellary  walls.  Each  ovary  is  crowned 
by  a stigma,  which  is  often  separated  from  the  ovary  by  a 
filiform  structure  called  the  style. 

The  poden  grain,  instead  of  entering  the  mieropyle  of  the 
ovule  and  germinating  there,  falls  upon  the  stigma  and  there 
develops  its  gametophyte,  which  penetrates  the  tissue  of  the  style 
in  the  form  of  the  poden  tube  and  makes  its  way  into  the  cavity 
of  the  ovary,  ultimately  reaching  the  ovules.  It  generally  enters 
the  latter  at  the  mieropyle  and  so  makes  its  way  to  the  gameto- 
phyte of  the  megaspore  or  embryo  sac,  which  is  situated  just 
below  the  mieropyle.  In  a few  cases  it  finds  its  way  to  the 
female  cell  by  burrowing  through  the  tissue  of  the  ovule  and  of 
the  gametophyte  from  the  chalazal  end.  This,  however,  is 
exceptional,  and  only  occurs  in  a few  families. 

The  gametophyte  produced  by  the  megaspore  is  always  com- 
pletely internal  or  endosporous,  and  is  very  much  reduced.  It 
bears  the  female  cell  or  oosphere  at  its  micropylar  end,  and  this 
cell  is  not  enclosed  in  an  archegonium  (fig.  934). 

Histologically  the  group  shows  an  advance  upon  the  structure 
of  the  Gymnosperms  in  the  greater  variety  of  the  elements  com- 
posing the  wood  and  bast.  The  wood  contains  true  vessels,  which 
show  the  varieties  of  thickening  already  described.  The  sieve 
tubes  always  have  companion  cells.  The  development  of  the 
spores  takes  place  in  the  way  already  described.  In  a few  cases 
modifications  of  the  process  are  found.  In  Asclepias  and  Zostera 
the  mother  cells  of  the  pollen  do  not  form  four  special  mother 
cells,  but  each  becomes  a microspore. 
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The  Gametophyte. — As  in  the  Gymnosperms  we  have  two 
forms  of  the  gametophyte,  the  one  coming  from  the  microspore, 
the  other  from  the  megaspore. 

The  prothallium  developed  from  the  microspore  is  more 
reduced  than  in  the  last  group.  When  the  spore  is  shed,  or 
sometimes  while  it  is  still  in  the  sporangium,  the  nucleus  divides 
into  two,  but  this  division  is  not  followed  by  the  formation  of  a 
cell-wall.  The  protoplasm  of  the  spore  aggregates  round  the  two 
nuclei,  forming  two  primordial  or  naked  cells  of  unequal  size, 
one  of  which  is  the  generative , the  other  the  vegetative  cell. 
The  exine  ruptures,  often  at  particular  spots,  but  sometimes 
irregularly,  and  the  intine  grows  out  into  a long  tube,  the  pollen 
tube.  In  some  cases,  as  in  the  Malvaceae,  several  tubes  arise 
from  different  points  on  the  spore. 

The  pollen  tube  is  derived  from  the  larger  of  the  two  cells, 
the  vegetative  one,  as  in  the  Gymnosperms.  The  generative  cell 
passes  into  the  tube,  as  does  the  vegetative  nucleus.  As  they 
proceed  down  the  tube,  the  generative  cell  divides  into  two, 
forming  two  gametes,  which  correspond  to  the  antherozoids  of 
lower  forms,  but  they  are  never  differentiated  as  in  the  latter 
case.  The  vegetative  nucleus  becomes  disorganised  and  disap- 
pears. 

By  the  time  that  the  pollen  tube  has  reached  the  gametophyte 
of  the  megaspore  the  process  is  complete,  and  the  tube  remains 
with  its  two  gametes  at  or  near  its  apex.  The  protoplasm  of  the 
tube  is  richly  vacuolated,  and  the  granules  it  contains  show 
extensive  movements  of  circulation. 

The  megaspore  produces  its  gametophyte  in  its  interior  as 
in  the  Gymnosperms,  but  the  prothallar  tissue  is  very  much 
smaller  (fig.  934).  The  nucleus  of  the  megaspore  divides  into 
two,  and  each  travels  to  one  end  of  the  spore.  Each  then  divides 
into  two,  and  each  of  the  daughter  nuclei  repeats  the  process,  so 
that  at  that  stage  the  spore  contains  two  groups  each  of  four 
nuclei,  one  at  the  micropylar  and  the  other  at  the  chalazal  end. 
One  nucleus  from  each  of  these  groups,  the  so-called  polar 
nucleus,  then  travels  to  the  centre  of  the  spore,  and  the  two  fuse 
together,  constituting  what  is  known  as  the  definitive  nucleus  of 
the  embryo  sac.  A certain  amount  of  protoplasm  aggregates 
round  each  of  the  three  nuclei  at  the  two  ends,  forming  two 
groups  of  three  cells  each.  Those  at  the  chalazal  end  secrete 
cell- walls  and  form  the  antipodal  cells , which  take  no  further 
part  in  the  development ; those  at  the  micropylar  end  remain 
naked  and  constitute  the  egg  apparatus.  One  of  these,  whose 
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nucleus  is  the  sister  nucleus  of  the  one  which  descended  to 
help  form  the  definitive  nucleus,  is  the  female  gamete,  or 
oosphere,  while  the  other  two  are  known  as  the  synergidcc . 
In  some  few  cases  the  definitive  nucleus  is  constituted  by  only 
the  one  from  the  chalazal  end ; there  are  then  two  oospheres, 
of  which  only  one  becomes  fertilised.  In  rare  cases  the  synergidse 
are  fertile  gametes,  though  this  very  seldom  happens. 

At  this  stage  the  development  of  the  prothallium  remains 
suspended,  and  nothing  further  takes  place  unless  the  oosphere 
becomes  fertilised.  The 
egg  apparatus  lies  almost 
always  immediately  below 
the  micropyle,  and  is  thus 
not  covered  by  a mass  of 
tissue  as  in  the  Gymno- 
sperms.  The  pollen  tube 
reaches  the  micropyle  as 
already  described  ; its  apex 
becomes  more  or  less  muci- 
laginous, as  does  the  wall 
of  the  embryo  sac,  and  one 
of  the  male  gametes  makes 
its  way  through  to  the 
oosphere,  with  which  it 
fuses,  nucleus  with  nucleus 
and  protoplasm  with  pro- 
toplasm. The  fertilised 
oosphere,  now  become  a 
zygote,  surrounds  itself 

with  a cell-wall,  and  the  Fig.  934.  Megasporaugium  (ovule)  of  an 

synergidffi  become  disor-  Angiosperm.  mac.  Megaspore.  00s. 

J , . . Oosphere.  p.t.  Pollen  tube, 

ganised  and.  disappear. 

The  furthei  fate  of  the  zygote  differs  in  the  two  classes  into 
which  the  Angiosperms  are  divided  and  will  be  discussed  later. 

The  embryo  sac  becomes  filled  with  a tissue  known  as  the 
endosperm , which  has,  however,  a different  morphological  value 
from  the  tissue  in  the  megaspore  of  the  Gymnosperms,  though 
it  bears  the  same  name. 

This  so-called  endosperm  is  derived  from  the  definitive 
nucleus  of  the  embryo  sac.  Its  formation  has  been  seen  in 
several  species  to  be  preceded  by  the  fusion  of  the  second  male 
gamete  from  the  pollen  tube  with  the  two  polar  nuclei  or  their 
product,  the  definitive  nucleus.  The  resulting  nuclear  body,  or 
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the  definitive  nucleus  alone  if  this  fusion  does  not  occur,  divides 
repeatedly,  forming  a number  of  nuclei  which  become  disposed 
in  a layer  all  over  the  surface  of  the  wall  of  the  embryo  sac. 
Round  each  of  these  an  aggregation  of  protoplasm  takes  place, 
so  that  the  sac  has  a lining  of  naked  or  primordial  cells.  These 
become  separated  from  each  other  and  from  the  cavity  of  the 
spore  by  cell-walls,  and  the  cells  so  formed  divide  repeatedly 
till,  in  most  cases,  the  part  of  the  embryo  sac  not  occupied  by 
the  body  resulting  from  the  divisions  of  the  zygote  becomes 
filled  with  a mass  of  tissue,  which  is -this  so-called  endosperm. 
In  a few  cases  the  endosperm  does  not  completely  fill  the  spore, 
but  leaves  a hollow  cavity  in  the  centre. 

The  young  embryo,  derived  from  the  zygote  in  a manner  still 
to  he  explained,  together  with  the  endosperm  and  the  remains 
of  the  microsporangium  and  its  coats,  forms  the  body  frequently 
alluded  to  above  as  the  seed.  The  coats  or  integuments  of  the 
megasporangiuiu  generally  become  hard  and  form  the  testa  of 
the  seed. 

In  some  cases  the  endosperm  is  not  formed  by  free-cell - 
formation  as  described  above,  but  by  ordinary  cell-division,  walls 
being  developed  after  each  nuclear  fission. 

In  many  plants  this  condition  of  things  persists,  and  the 
embryo  in  the  ripe  seed  is  embedded  in  the  endosperm.  In 
others  the  embryo  grows  vigorously,  and  in  its  enlargement 
absorbs  the  contents  of  the  endosperm  cells.  The  seed  then  shows 
only  the  embryo  surrounded  by  the  testa.  Generally  the  seed 
leaves  or  cotyledons  arc  the  parts  which  form  the  bulk  of  the 
embryo  in  such  cases. 

When  fertilisation  has  been  effected,  and  the  zygote  is 
formed,  it  at  once  commences  its  further  development.  There 
is  no  pause  between  the  maturity  of  the  gametophyte  and  the 
origination  of  the  new  sporophyte.  A resting  period  occurs  later, 
when  the  young  plant  has  attained  a certain  size  and  when  the 
endosperm  has  been  formed  and  perhaps  absorbed.  The  zygote 
divides  into  two  by  a transverse  wall,  and  the  two  cells  so  formed, 
which  correspond  to  the  cpibasal  and  hypobasal  cells  of  the 
Pteridophyta,  give  rise,  as  in  the  latter  case,  to  different  structures. 
The  hypobasal  segment,  which  is  the  one  nearest  to  the  micro- 
pylar  end  of  the  embryo  sac,  develops  into  a chain  of  cells  known 
as  the  susjjensor,  a structure  noticed  as  occurring  in  a similar 
manner  in  the  embryogeny  of  the  Lycopodime.  The  suspensor 
does  not  become  free  from  the  protoplasm  of  the  embryo  sac,  in 
which  the  oosphere  was  originally  placed,  and  hence  attaches  the 
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embryo  to  the  embryo  sac  in  a way  indicated  by  the  name  suspensor. 
The  suspensor,  as  a rule,  soon  perishes,  so  that  only  traces  of  it 
can  be  seen  in  the  seed ; sometimes,  however,  it  grows  to  great 
length.  In  the  Orchidaceae  cases  occur  where  it  assumes  such  a 
size  as  to  make  its  way  out  of  the  embryo  sac  through  the  micro - 
pyle  and  to  ramify  in  the  interior  of  the  ovary  and  the  tissue 
of  the  placenta.  In  some  Dicotyledons  a somewhat  similar 
behaviour  is  found.  In  such  cases  it  recalls  physiologically  as 
well  as  morphologically  the  foot  of  the  Ferns  and  their  allies, 
absorbing  nutriment  for  the  support  of  the  embryo. 

The  suspensor  contributes  a cell  to  the  formation  of  the 
embryo  in  a manner  to  be  described  below. 

• The  epibasal  cell,  often  termed  the  embryo  cell,  divides  very 
differently.  In  it  three  walls  are  formed  successively  at  right 
angles  to  each  other,  dividing  it  into  eight  octants.  The  octants 
in  this  group,  it  will  be  noticed,  all  proceed  from  the  epibasal 
cell  only  and  not  from  the  whole  zygote  as  in  the  Ferns  &c. 
The  recent  separation  of  the  hypobasal  cell  causes  the  epibasal 
one  not  to  be  a sphere  as  is  the  zygote,  so  that  the  octants  next 
the  suspensor  are  partially  flattened  and  abut  upon  the  latter 
in  a somewhat  truncated  fashion.  The  subsequent  divisions  differ 
a little  in  the  Dicotyledons  and  the  Monocotyledons.  In  the 
former  group  the  anterior  octants  give  rise  to  the  upper  por- 
tion of  the  axis,  but  the  posterior  ones  only  form  the  hypo- 
cotyl,  the  primary  root  being  formed  from  the  last  cell  of  the 
suspensor,  the  so-called  hypophysis.  In  the  latter  group  this 
cell  gives  rise  to  the  growing  point  of  the  laterally  produced 
stem,  and  the  root  originates  in  the  segment  of  the  hypophysis 
next  to  the  rest  of  the  suspensor. 

When  the  octants  have  been  formed,  the  next  step  in  the 
development  is  the  formation  of  the  dermatogen  by  walls 
parallel  to  the  surface  of  the  embryo.  At  first  the  dermatogen 
is  incomplete,  the  periclinal  walls  only  being  formed  in  the 
octants,  but  it  is  soon  continued  across  the  hypophysis,  which 
has  by  this  time  grown  up  in  a slightly  bulging  fashion  at  the 
base  of  the  embryo  (figs.  935  and  93G).  Of  the  cells  so  formed 
from  the  hypophysis  the  internal  one  gives  rise  to  the  periblem 
of  the  root,  while  the  latter  forms  its  dermatogen,  which  soon 
becomes  many-layered  and  constitutes  the  root  cap.  The  fur- 
ther growth  of  the  embryo  soon  gives  rise  to  the  three  systems 
of  tissue  already  described,  the  dermatogen,  periblem,  and 
plerome. 

In  the  Monocotyledons  the  terminal  cotyledon  is  developed 
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from  the  octants,  the  hypophysis  dividing  to  form  a row  of  cells, 
of  which  the  anterior  ones  give  rise  to  the  stem,  while  the  pos- 
terior one  forms  the  root,  as  the  whole  hypophysis  does  in 
Dicotyledons.  The  order  of  division  of  cells  is  very  similar, 
and  the  embryo  becomes  differentiated  histologically  in  the 
same  way.  The  young  stem  is  derived  from  the  upper  cell 
of  the  two  resulting  from  the  first  division  of  the  hypophysis, 
and  as  it  assumes  its  form  it  turns  out  laterally  from  below  the 
cotyledon. 


Fig.  935. 


/■'///.  B35.  Successive  stages  in  development  of  the  embryo  of  Drassica. 
After  ICny. 


This  division  of  the  Phanerogamia  includes  the  two  classes 
of  Monocotyledons  and  Dicotyledons,  which  are  distinguished 
from  each  other  by  the  following  points 

Monocotyledons.— The  embryo  has  a single  cotyledon,  which 
is  placed  at  its  apex,  while  the  plumule  arises  laterally ; the 
flower  is  usually  trimerous ; the  vascular  bundles  do  not  con- 
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tain  cambium  and  are  small  and  arranged  in  a scattered 
manner  in  the  stele ; the  foliage  leaves  usually  have  parallel 
venation. 

Dicotyledons. — The  embryo  has  two  cotyledons,  between 
which  the  plumule  is  developed;  the  vascular  bundles  are 
arranged  in  a circle  in  the  stele  and  usually  increase  in  thick - 


Fig.  936. 


1 2 3 4 5 


Fig.  938.  1,  2,  3,  4,  5,  G.  Successive  stages  in  tlie  development  of  the  Mono- 
cotyledonous  embryo  of  Alisma.  h.  Hypophysis  and  the  cells  derived 
from  it.  /.  Segment  of  the  hypophysis  which  gives  rise  to  the  root. 
7.  Mature  embryo,  a.  Apex  of  stem.  After  Sachs. 


ness  by  means  of  a cambium  layer ; the  flower  is  either 
tetramerous  or  pentamerous  ; the  foliage  leaves  usually  have 
reticulate  venation. 
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Class  X.— MONOCOTYLEDONES. 

The  general  histology  as  well  as  the  morphology  of  this 
group  has  been  already  treated  of  in  some  detail. 

As  has  been  mentioned  in  an  earlier  chapter,  these  plants 
have  been  classified  in  different  ways.  A scheme  which  has 
been  adopted  in  England  by  Vines  divides  them  into  three 
large  sub-classes,  the  Spadiciflorce,  the  Glumiflorce,  and  the 
Petaloidece.  Of  these  the  first  is  characterised  by  having  a 
spadix  as  the  typical  form  of  inflorescence,  the  second  by 
having  the  flowers  in  heads  or  spikelets  and  the  perianth  absent 
or  scaly,  and  the  third  by  having  usually  a petaloid  corolla  and 
sometimes  a petaloid  calyx.  The  Natural  Orders  which  fall 
under  these  divisions  are  further  grouped  together  in  cohorts, 
as  already  shown. 

Though  other  systems  of  classification  are  adopted  by 
different  writers,  all  agree  fairly  closely  in  the  general  scheme  of 
N atural  Orders  into  which  the  genera  are  collected.  Divergences 
are  only  apparent  when  the  classification  of  the  Natural  Orders 
is  undertaken. 

By  Bentham  and  Hooker,  whom  in  the  main  we  follow  in 
this  treatise,  these  Natural  Orders  are  collected  together  into 
seven  scries  in  the  manner  now  to  be  described. 

Series  1. — Microspermce. 

These  plants  have  usually  a biseriate  perianth,  of  which  the 
inner  whorl  at  least  is  petaloid.  The  ovary  is  inferior,  1 -celled 
with  three  parietal  placentae,  or  8-celled  with  axile  placentae. 
The  seeds  are  very  small  and  numerous,  and  they  have  no  endo- 
sperm. 

Order  1.  Hydrocharidaceas. — The  plants  of  this  order  are 
aquatic  in  habit,  some  being  entirely  submerged,  others  having 
floating  leaves.  The  inflorescence  is  surrounded  by  a large 
spathe,  which  is  formed  either  of  a single  bract  or  of  two  bracts 
which  are  connate.  The  flowers  are  dioecious.  The  perianth 
usually  consists  of  both  calyx  and  corolla,  the  latter  being 
coloured.  The  stamens  arc  typically  in  two  whorls  of  three  each 
but  may  be  more  numerous  by  multiplication  of  whorls.  The 
pistillate  flowers  have  staminodes  and  an  inferior  ovary. 
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which  in  most  cases  is  1-celled  with  parietal  placentation.  The 
carpellary  leaf-edges  in  some  cases  protrude  into  the  ovary, 
making  it  more  or  less  plurilocular.  The  fruit  is  succulent. 

Hydrocharis  Morsus-rancc,  the  Frog-bit,  has  runners  bearing  tufts 
of  stalked  entire  reniform  leaves.  Stratiotes  creeps  on  the  ruud  at 
the  bottom  of  streams  ; the  plant  rises  to  the  surface  of  the  water  to 
flower,  and  sinks  again  afterwards.  It  has  sword-shaped  narrow 
leaves.  Yallisneria  is  a sub-tropical  genus  ; its  staminate  flowers 
become  detached  from  the  plant  and  rise  to  the  surface  of  the  water, 
where  they  pollinate  the  pistillate  flowers.  The  latter  are  borne  on 
long  spirally-twisted  peduncles,  which  elevate  them  above  the  sur- 
face. After  being  pollinated  the  stalks  contract  and  the  flowers  sink. 
The  fruit  ripens  under  water.  Elodea  (Anacharis)  is  a submerged 
form,  which  bears  whorled  leaves.  Its  reproduction  in  Europe  is 
entirely  vegetative,  as  the  staminate  plants  are  not  known.  The 
plant  was  introduced  from  North  America. 

Order  2.  Buemanniace*. — A small  order  of  tropical  herbs,  some 
of  which  are  saprophytic  in  habit.  They  have  a 6-leaved  perianth, 
which  in  some  cases  is  labiate.  The  ovary  is  inferior,  and  most 
generally  1-celled  with  three  parietal  placentae.  The  seeds  are 
numerous. 

Order  3.  Orchidaceao. — The  plants  of  this  order  are  all 
herbaceous,  but  show  a very  great  variety  in  their  habits  and 
their  morphological  structure.  Many  of  them  are  epiphytic, 
and  are  furnished  with  long  aerial  roots ; others  are  terrestrial, 
and  bear  two  tubers  or  tuberous  roots  at  the  base  of  a small 
flowering  stem  or  scape  ; others  again  are  saprophytic  and  bear 
ramifying  rhizomes,  true  roots  being  absent.  Most  of  them  have 
no  sub-aerial  stem,  but  in  some  forms  there  is  a very  short  one, 
much  swollen,  and  consisting  of  a single  internode,  or  at  most  of 
two  ; this  is  known  as  a pseudo-bulb. 

The  inflorescence  in  most  cases  is  a raceme,  which  may  be 
closely  compressed  or  very  lax.  The  flowers  have  frequently  a 
curious  twist  in  the  long  inferior  ovary,  which  makes  them 
inverted  in  position.  They  are  strongly  zygomorphic  in  an 
antero-posterior  plane,  the  number,  shape,  and  position  of  the 
parts  being  variously  interfered  with.  There  is  a 2-seriate 
perianth,  and  the  calyx  is  petaloid  as  well  as  the  corolla.  The 
sepals  are  superior  and  generally  regular.  The  corolla  is 
epigynous ; it  consists  of  three  petals,  one  of  which  is  posterior, 
being  modified  in  shape  and  colour  and  forming  a large,  spread- 
ing, often  3-lobed  leaf,  called  the  labellum.  By  the  twisting  of 
the  ovary  already  mentioned,  it  comes  to  lie  anteriorly.  Both 
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the  typical  whorls  of  stamens  of  the  Monocotyledons  are  repre- 
sented, but  differently  in  different  genera.  In  most  Orchids 
there  is  a single  perfect  stamen,  which  is  the  anterior  one  of  the 
outer  whorl,  the  other  two  of  this  whorl  not  being  present,  or, 
according  to  some  morphologists,  being  displaced  and  becoming 
foliaccous  and  fusing  with  the  labellum,  of  which  they  form  the 
two  lateral  lobes.  The  inner  whorl  is  in  most  cases  entirely 
suppressed,  but  in  some  flowers  is  represented  by  two  staminodes 
placed  anteriorly.  In  some  species  these  are  petaloid,  in  others 
they  appear  as  small  swellings  on  the  gymnostemium. 

In  the  Apostasiece  there  are  either  two  or  three  perfect  stamens. 
In  the  latter  case  these  are  the  one  anterior  of  the  outer  whorl 


Fin.  937. 


Fro.  938. 


Fig.  939. 


7.  Flower  < f Orchis  mnsculn. Atg.  99H.  Diagram  of 

the  flower  of  Orchis. Fin.  989.  Stylar  column  of  Ceplial- 

anlhera,  a.  Anther,  s.  Stignm.  At  the  foot  are  seen  scars 
indicating  the  position  of  parts  that  have  been  removed. 
After  Wanning. 


and  the  two  lateral  of  the  inner  one  ; in  the  former  case  only  the 
latter  two,  the  anterior  one  of  the  outer  whorl  being  represented 
by  a staminode.  Cypvip  ccHuni  also  has  the  last-mentioned 
arrangement.  There  are  three  carpels  which  cohere  to  form  a 
monolocular  inferior  ovary,  with  usually  parietal  placentation. 

The  appearance  of  the  interior  of  the  flower  is  very  peculiar, 
in  consequence  of  curious  adhesions  between  the  stamens  and 
the  styles.  In  the  centre  there  is  found  a curious  columnar 
body,  which  is  formed  by  the  union  of  the  filament  of  the  single 
stamen  with  the  styles  of  the  three  carpels.  It  is  known  as  the 
gymnostemium.  The  two  lateral  stigmas  fonn  a hoiseshoe- 
shaped  sticky  depression  on. this  structure  just  below  the  anther, 
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and  the  third  is  either  rudimentary  or  is  developed  into  a 
curious  prominence  known  as  the  rostellum,  which  projects 
just  below  the  stigmatic  surface.  In  most  Orchids  the  whole 
mass  of  pollen  contained  in  each  pollen  sac  is  coherent,  and 

Fig.  940. 


Fig.  940.  A.  Flower  of  Orchis  maculata  (front  view),  a.  Sta- 
men. b.  The  cup.  n.  The  stigmas,  x.  Staminodes. 

H>-  The  spur.  spe.  The  entrance  to  it.  sin,  si,  si.  Exterior 
perianth  leaves,  pm.  The  labellum.  pi,  pi.  The  other  two 
interior  perianth  leaves.  ll-E.  Orchis  masculci.  B.  Lateral 
view  of  the  column.  C.  A pollinium  with  massulaj  ( p ), 
caudicle  (c),  aud  adhesive  disc  (d).  D.  Caudicles  with  the 
cup  (r),  front  view  : the  latter  is  depressed  so  that  the 
adhesive  disc  is  seen  lying  inside  it.  E.  A pollinium  more 
highly  magnified  ; some  massuhe  are  removed.  /■’.  Ophrys 
aranifera  ; rostellum  and  the  base  of  the  anther  loculus  • 
an  adhesive  disc  is  seen  on  the  right.  After  Warming. 

from  either  the  upper  or  the  lower  end  of  each 
mass  or  pollinium  a mucilaginous  stalk  or  filament 
proceeds,  which  is  usually  enclosed  in  a slit-like 
pouch.  This  mucilaginous  thread  is  secreted  by 
the  tissue  of  the  anther,  and  is  called  a caudicle. 
Each  caudicle  is  continuous  at  its  base  with  a 
similarly  composed  disc,  which  is  formed  in  a 
small  depression  or  cup  in  the  rostellum.  When 
the  rostellum  is  touched,  if  the  pollinium  is  mature  it  is 
rerno\  ed  by  the  sticky  disc  at  the  base  of  the  caudicle  being 
jerked  forward  and  adhering  to  the  intruding  body. 

The  pollen  is  not  coherent  into  pollinia  in  all  the  genera. 
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In  Neottia  the  grains  are  united  in  tetrads  or  groups  of  four ; 
in  some  genera  they  are  united  into  larger  masses,  known  as 
massulcB,  which  are  connected  together  by  elastic  threads. 

In  the  Apostasiete  and  the  Cypripedieae  the  third  stigma  is 
present  and  functional  together  with  the  other  two. 

The  seeds  are  very  numerous  and  are  attached  to  placentas, 
which  in  most  genera  are  parietal.  They  are  very  small  and 
contain  no  endosperm.  The  embryo  is  minute,  almost  spherical, 
and  is  morphologically  entirely  undifferentiated. 

The  order  is  divided  into  several  tribes,  the  chief  of  which  are 
the  following : — 

1.  Apostasiece. — This  was  formerly  considered  to  be  a distinct 
Natural  Order.  The  perianth  is  regular,  the  stamens  either  two  or 
three,  as  already  described,  and  the  pollen  is  not  collected  intopollinia. 

2.  Cyirripedictc. — The  flower  has  a remarkable  slipper-shaped 
labellum.  There  are  two  stamens,  which  are  the  lateral  pair  of  the 
inner  whorl.  The  anterior  stamen  of  the  outer  whorl  is  represented 
by  a large  shield-like  body,  which  must  not  be  confused  with  the 
rostellum  of  other  tribes.  The  latter  body  is  not  represented,  all 
three  stigmas  being  functional.  The  pollen  grains  are  distinct. 

3.  Neotticce. — These  are  terrestrial  Orchids,  many  of  which  are 
saprophytic  to  a greater  or  less  extent.  Some  contain  no  chlorophyll. 
The  pollen  grains  are  united  into  loose  pollinia ; the  apex  of  the 
anther  is  connected  with  the  rostellum. 

4.  OphrydeoB. — The  anther  is  united  to  the  rostellum  at  its  base. 
The  pollen  is  in  pollinia. 

5.  Leparidincc. — The  anther  produces  four  waxy  pollinia  without 
caudicles. 

There  are  many  other  families,  which  are  chiefly  tropical  epiphytes 
with  aerial  roots.  A discussion  of  them  would  be  beyond  the  scope 
of  this  work. 

Series  2. — Epiyynce. 

The  plants  of  this  series  differ  from  those  of  the  last  chiefly 
by  having  abundant  albumen,  which  may  be  perisporm  or  endo- 
sperm. In  a few  genera  of  Bromeliacete  and  Htemodoraccte  the 
ovary  is  superior. 

Order  1.  Scitaminaceje. — The  plants  of  this  order  are  tall  and 
herbaceous,  with  large  pinnately  veined  leaves.  The  flowers 
are  irregular,  zygomorphic,  or  unsymmetrical.  The  perianth 
is  2-seriate,  and  sometimes  both  whorls  are  petaloid.  The 
stamens  are  typically  six  in  two  whorls,  but  in  many  cases  there 
is  a good  deal  of  suppression  in  the  andrcecium.  The  ovary  is 
generally  3-celled,  and  the  fruit  may  be  a capsule  or  a berry. 
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The  seed  contains  perisperm,  but,  except  in  the  Zingiberese,  no 
endosperm.  The  order  is  divided  into  three  tribes,  which  are  often 
described  as  separate  Natural  Orders. 

1.  Zingiberece.—  There  are  two  types  of  flower  in  this  tribe. 
In  the  first  the  calyx  is  gamosepalous ; the  outer  whorl  of 
stamens  is  represented  by  two  petaloid  staminodes,  the  anterior 
one  being  aborted.  There  is  a perfect  stamen,  which  is  the 
posterior  one  of  the  inner  whorl  ; the  other  two  of  this  whorl 
coalesce  to  form  a large,  some- 
times lobed,  foliaceous  body,  the 
labellum.  In  the  second  type  of 
flower  the  staminodes  of  the  outer 
whorl  are  absent. 

2.  Musece. — The  plants  of  this 
tribe  are  of  enormous  size  and 
almost  shrubby  in  habit.  The 
leaves  are  very  large  and  have 
long  sheathing  petioles,  which  to- 
gether form  by  their  union  a 
spurious  sub-aerial  stem.  The 
flowers  are  arranged  spirally  in 
spikes,  in  the  axils  of  bracts  which 
are  frequently  coloured.  The 
flowers  are  pistillate  at  the  base 
of  the  spike,  become  perfect  in  the 
middle,  and  are  staminate  at  the 
top.  The  perianth  is  petaloid,  the 
anterior  leaf  being  very  large  and 
the  posterior  very  small.  The 
posterior  stamen  of  the  inner 
whorl  is  rudimentary  or  wanting. 

The  fruit  is  a berry  containing  a 
farinaceous  pulp.  It  is  elongated  like  a pepo,  and  in  the  culti- 
vated species  contains  no  seeds. 

6.  Marantece  or  Cannecc. — The  flower  is  asymmetrical,  and 
the  calyx  is  sepaloid.  The  posterior  stamen  of  the  inner  whorl 
is  in  this  tribe  the  only  one  which  bears  an  anther,  the  other 
five  becoming  all  staminodes;  one  of  the  latter  is  longer  than 
the  rest,  and  forms  the  labellum.  All  of  them  are  foliaceous. 
The  style  also  is  petaloid(^gr.  941). 

Or-rler  2.  Bromeliaceal— The  plants  of  this  order  are  woody 
or  herbaceous ; many  of  them  are  epiphytes,  while  others  live 
in  rocky  places ; a few  are  terrestrial.  The  stem  is  short  and 


Fig.  941. 


Fig.  911.  Flower  of  Cumin,  f.  Ovary. 
pa.  Calyx,  pi.  Corolla.  1.  Labellum. 
st.  Stamens,  an.  A other,  u.  Stigma, 
a,  |3.  Stamiuodes.  After  Wanning. 
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thick,  and  bears  at  its  apex  a rosette  of  large  leathery  leaves 
which  are  sheathing  at  the  base  and  channelled  all  the  way  up ; 
they  close  round  each  other  completely,  so  that  they  hold  a 
quantity  of  water  in  the  hollows  which  arc  thus  formed.  The 
perianth  is  biseriate,  and  there  are  two  whorls  of  stamens.  The 
fruit  is  a capsule  or  a berry. 

The  best-known  plant  of  this  order  is  Ananassa  sativa,  the  Pine- 
apple. It  bears  a crown  of  leaves  above  the  inflorescence,  and  its 

Fig.  1)42. 


fig.  ‘M2.  Iris  pseudaionis.  One  external  anil  two  internal  perianth  leaves 
have  been  removed,  it.  The  outer,  i,  the  inner,  perianth  leaves. 

//.  Stylar  branch,  a.  Stigma,  s.  Anther.  After  Warming. 

berries  coalesce  with  one  another  and  with  their  lieshy  bracts  to 
form  a succulent  sorosis.  Under  cultivation  there  are  no  seeds  pro- 
duced. 

Order  3.  Hamodoeacea:.— A small  order  of  perennial  herbs  or 
shrubs,  which  have  ensiform  equitant  leaves.  They  are  a link  con- 
necting the  Bromeliacese  with  the  Iridace®. 

Order  4.  Ikidacea:. — The  plants  of  this  order  are  perennial 
herbs,  whose  stems  are  generally  subterranean  and  take  the 
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forms  of  rhizomes  or  corms,  and  less  frequently  bulbs.  In  most 
species  the  leaves  are  equitant,  and  arranged  in  two  ranks.  The 
inflorescence  in  most  cases  is  cymose,  and  there  is  usually 
present  a spathe,  which  may  invest  several  flowers  or  only  a 
single  one.  The  flowers  are  epigynous,  and  in  some  families 
zygomorphic ; the  perianth  is  2-seriate,  and  both  its  whorls 
are  petaloid.  The  antipetalous  whorl  of  stamens  is  suppressed, 
so  that  the  three  carpels  are  opposite  to  the  three  stamens. 
The  anthers  are  extrorse  and  are  covered  over  by  the  foliaceous 


Fig.  943. 


Fig.  944. 


Fig.  913.  Diagram  of  the  flower  of  a 
species  of  Iris,  showing  solitary  bract 
below,  six  divisions  to  the  perianth 
arranged  in  two  whorls,  three  stamens, 
and  a 3-celled  ovary  with  axile  pla- 

centation. Fig.  944.  A flower  of  the 

Spring  Orocns  (Crocus  vernus ) cut  open 
to  show  the  three  extrorse  stamens 
attached  to  the  outer  segments  of  the 

perianth. Fig.  945.  The  three  petaloid 

stigmas  of  the  same  with  the  end  of  the 
style. 


styles,  which  like  the  perianth  leaves  are  petaloid.  The  stigma 
is  a small  triangular  shelf-like  body,  situated  a little  below  the 
tip  of  the  style  {/if/.  942,  a).  The  ovary  is  inferior,  3-celled, 
with  axile  placentation.  The  fruit  is  a capsule,  which  dehisces 
loculicidally. 

The  order  is  divided  into  the  following  tribes  : — 

1.  CrocoidecB. — The  flowers  are  actinomorphic,  each  invested  by 
a spathe ; the  stem  is  a conn. 

2.  Iridioidea. — The  flowers  are  actinomorphic,  but  each  spathe 
invests  more  than  one ; the  stem  is  a rhizome  or  a bulb. 

VOL.  II.  p 
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3.  Ixioidecc. — The  flowers  are  frequently  zygomorphic  ; the  stem 
is  a conn.  Each  spathe  invests  only  a single  flower. 

In  the  pollination  of  the  Iris  flower  the  active  agents  are  bees. 
Honey  is  found  in  the  perianth  tube  ; the  insects,  in  their  search  for  it, 
alight  on  the  large  sepals,  which  have  a ridge  of  hairs  just  under  the 
anthers.  The  latter  are  extrorse,  and  hence  the  pollen  is  discharged 
or  collected  on  to  the  head  or  back  of  the  bee.  On  withdrawal  the 
latter  cannot  pollinate  the  flower,  as  the  stigma  is  on  the  upper  side 
of  the  little  shelf  (a,  fig.  942).  On  visiting  another  flower  while 
bearing  pollen,  the  insect  deposits  it  on  the  stigmatic  surface  above 
the  shelf  as  it  advances  towards  the  honey  tube. 

The  Iridacere  are  chiefly  natives  of  temperate  and  warm  climates. 
They  are  found  in  various  parts  of  the  globe,  but  are  most  abundant 
at  the  Cape  of  Good  Hope.  There  are  about  560  species. 

The  rhizomes  of  several  species  possess  acrid  properties,  which 
causes  them  to  be  purgative,  emetic,  Ac.  Some  are  poisonous,  and 
a few  have  fragrant  rhizomes.  Others  are  employed  as  colouring 
agents,  and  some  are  commonly  regarded  as  antispasmodic,  carmina- 
tive, &c.  Many  contain  starch  in  large  quantities,  but  as  this  is 
usually  combined  with  an  acrid  principle,  they  are  not  generally 
available  for  food. 

Order  5.  Amaryllidace/e. — The  plants  of  this  order  are  chiefly 
bulbous  or  rhizomatous  plants,  though  in  some  genera  there  is  a 
woody  sub-aerial  stem.  The  inflorescence  is  usually  a scape 
hearing  a number  of  flowers,  though  the  latter  are  sometimes 
solitary.  As  in  the  Iridacese,  there  is  usually  a spathe  surrounding 
the  inflorescence.  The  flower  has  the  typical  Monocotyledonous 
structure,  but  it  is  epigynous.  The  perianth  is  usually  petaloid 
throughout,  both  whorls  of  stamens  are  perfect,  and  there  is  a 
3-celled  inferior  ovary  with  axilo  placentation.  The  fruit  is 
usually  a capsule,  but  in  some  species  it  is  a berry. 

The  divisions  of  the  order  are  the  following : — 

1.  Amaryllccc. — The  plants  have  bulbs ; the  scape  bears  one 
terminal  flower,  or  an  umbel  surrounded  by  an  involucre. 

Narcissus,  the  Daffodil,  has  inside  its  perianth  a corona,  which 
is  sometimes  very  large  and  trumpet-shaped  (fig.  947).  This  is 
considered  to  be  formed  by  the  union  or  cohesion  of  a number  of 
scales  or  ligides,  one  of  which  is  borne  by  each  perianth  leaf  at  the 
point  of  junction  of  the  claw  and  limb.  Coronas  occur  also  in  the 
flowers  of  the  genera  Pancratium  and  Eucharis,  where  they  are 
united  to  the  filaments  of  the  stamens,  giving  the  latter  the  appear- 
ance of  being  monadelplious. 

2.  Agavccc. — These  are  very  large  plants  with  very  thick,  often 
thorny  leaves  borne  upon  a short  thick  stem.  They  are  arranged  in 
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a rosette.  The  plants  do  not  flower  till  they  have  attained  an  age 
of  several  years,  and  the  flowering  is  followed  by  the  death  of  the 
shoot. 

Fig.  946. 


Fig.  949. 


Fir/.  OKI.  Diagram  of  the  flower  of  the  Spring  Snowflake  ( AmarylHdacerv ), 
with  six  divisions  to  the  perianth  arranged  in  two  whorls,  six  stamens, 

and  a 3-celled  ovary  with  axile  placentation. Fig.  917.  The  perianth  of 

the  Daffodil  (Narcissus  Pseudo-narcissus)  out  open  longitudinally.  /.  Tube 

tearing  six  stamens.  1.  Limb  of  the  perianth,  n.  Corona. Fin.  948. 

Flower  of  the  Daffodil,  showing  six  perianth  leaves,  with  the  corona  in 

the  centre. Fig.  949.  Vertical  section  of  the  flower  of  the  Spring 

Snowflake  ( Leucojum  vernum). Fig.  950.  Vertical  section  of  the  seed 

of  the  same. 

3.  TTypoxiclca. — The  plants  have  a subterranean  rhizome  which 
bears  a terminal  shoot.  The  leaves  are  often  grass-like. 

Several  plants  of  this  order  possess  poisonous  qualities.  This 
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property  is  especially  evident  in  Hcemanthns  toxica/rius , tire  juice  of 
which  is  used  by  the  Hottentots  to  poison  their  arrow-heads.  Some 
yield  excellent  fibres.  The  juice  of  some  few  species  is  saccharine, 
and  is  employed  in  the  preparation  of  fermented  liquors.  Starch 
may  be  obtained  from  certain  species  of  Alstrcemeria.  Some  are 
bitter  and  aromatic.  Medicinally,  several  have  been  used  as  emetics 
and  purgatives. 

Order  6.  Taccace/u. — A small  order  of  tropical  plants  which  have 
subterranean  rhizomes ; the  leaves  springing  from  these  have 
reticulate  venation.  The  filaments  of  the  stamens  are  often  petaloid  ; 
the  ovary  is  1-celled,  with  three  parietal  placentas. 

Order  7. — Dioscoreacea*:. — These  are  tropical  plants  which 
have  usually  a climbing  habit,  twining  by  their  stems.  They 
also  possess  tubers,  which  may  be  above  or  under  till  ground. 
The  leaves  have  reticulate  venation.  Tho  flowers  are  dioecious  ; 
the  staminate  ones  have  six  stamens,  and  the  pistillate  ones  three 
carpels;  tho  perianth  is  G-partite  in  both.  The  ovary  is  3-celled, 
and  bears  usually  two  ovules  in  each  loculus. 

Tamus  communis , the  Black  Bryony,  is  the  only  British  species. 
It  is  a common  climber  in  many  parts  of  England.  Dioscorea,  the 
Yam,  has  frequently  tubers  in  the  axils  of  its  leaves,  as  well  as  sub- 
terranean ones. 

Sex’ies  3. — Corona, rice. 

The  plants  of  this  scries  differ  from  those  of  the  last  mainly 
in  having  superior  ovaries. 

Order  1.  Boxburghiaceje. — A small  East  Indian  order  with 
dimerous  symmetry.  The  ovary  is  1-celled,  with  basal  placentation. 

Order  2.  Liliace/e. — Tho  plants  of  this  order  are  herbs, 
shrubs,  or  trees,  of  very  varied  habit.  The  forms  of  stem  met 
with  include  bulbs,  rhizomes,  and  tubers,  as  well  as  sub-aerial 
forms,  which  may  be  simple  or  branched.  The  leaves  are  usually 
large  and  sheathing  at  their  bases ; sometimes  they  are  succulent. 
Their  venation  is  generally  parallel.  The  inflorescence  is  very 
varied,  but  is  usually  racemose  in  type.  Solitary  flowers  are  met 
with.  In  some  cases  a spathaceous  membranous  bract  invests 
the  inflorescence  The  flowers  are  regular,  and,  except  in  a few 
species,  trimerous  throughout.  There  are  two  perianth  whorls, 
both  of  which  are  petaloid ; two  whorls  of  stamens  and  one 
whorl  of  carpels,  all  of  which  occur  in  regular  alternation. 
The  fruit  is  in  some  cases  a capsule  with  loculicidal  dehiscence  ; 
in  others  a usually  3-celled  berry. 
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The  order  is  a large  one  and  comprises  several  tribes,  some  of 
which  have  been  considered  distinct  Natural  Orders.  The  chief  of 
these  tribes  are  the  following  : — 

1.  Liliecc. — Bulbous  or  rhizomatous  plants ; the  anthers  are 


Fig.  951. 


Fig.  952. 


Fin.  951.  Diagram  of  the  flower  of  a species  of  Lily.  s.  The  three  outer 
divisions  of  the  perianth,  p.  The  three  inner,  e.  The  stamens,  c.  Three- 
celled  ovary. Fig.  952.  Raceme  of  flowers  /,  and  portion  of  the  succu- 
lent leaf  /,ofaspecies  of  Aloe, /-'if/.  953.  Flower  of  the  Crown  Imperial 

( Fritillarla  imperialU)  with  half  the  perianth  removed. — —Fin-  954. 
Vertical  section  of  the  flower  of  the  Solomon’s  Seal  ( Polijnonatum  mulli- 

Jlorum). Fin.  955.  Transverse  section  of  the  ovary  of  the  White  Lily 

(Li Hum  cmulidum ). Fin.  956.  Vertical  section  of  the  seed  of  the  Crown 

Imperial. 


introrse,  and  the  three  styles  and  stigmas  are  united ; the  fruit  is  a 
loculicidal  capsule. 

The  Tulipere  and  the  Scillece  are  subdivisions  of  this  tribe.  In 
the  former  family  the  bulb  throws  up  an  elongated  stem,  on  which 
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the  foliage  leaves  are  borne.  The  flowers  are  generally  large.  The 
most  conspicuous  British  genera  are  Lilium , Tulipa,  and  Fritillaria , 
the  latter  bearing  a number  of  pendant  flowers  surmounted  by  a 
crown  of  leaves.  In  the  Scillecc  the  leaves  spring  directly  from  the 
bulb,  the  inflorescence  being  a scape. 

2.  Melanthecs  or  Colchicecc. — The  stem  is  generally  a rhizome  or 
a conn.  The  anthers  are  extrorse,  and  the  styles  are  free.  The 
capsule  usually  dehisces  septicidally.  Colchicum  autumnalc  is  the 
Meadow  Saffron.  It  flowers  in  autumn  without  leaves,  the  latter 


/'it/.  957.  Flowering  plant  of  the  Colchieuni  or  Meadow  Saffron  ( Colchicum 
nuliiuinalr).  — Fiji.  958.  Diagram  of  the  flower  of  the  same,  with  six 
divisions  to  the  perianth  arranged  In  two  whorls,  six  stamens,  and 

a ll-oelled  ovary. -Fit/j  959.  Transverse  section  of  the  capsule. 

Fin.  900.  Vertical  section  of  the  seed. 

appearing  in  spring.  Its  stem  is  a conn,  from  which  the  new  plant 
springs  as  a lateral  shoot.  This  tribe  approaches  the  Liliecc  in  the 
genera  Narthecium  and  Toficldia,  the  former  having  a solid  style  and 
the  latter  introrse  anthers. 

3.  Asphoclelcat.  — In  this  tribe  the  stem  is  a rhizome  ; the  leaves 
are  either  radical  or  borne  upon  an  aerial  simple  stem. 

4.  Allioidcce.  — Bulbous  plants  with  umbellate  inflorescence, 
generally  enclosed  in  two  or  more  spatbaceous  bracts.  Allium,  the 
Onion,  has  usually  tubular  leaves.  The  inflorescence  frequently 
shows  bulbils  among  the  flowers. 


Fin.  957. 


Fig.  958. 
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5.  Dracamecc.  — This  tribe  includes  the  genera  Yucca  and 
Draccena , which  are  exceptional  among  the  Monocotyledons  in 
possessing  an  arborescent  stem  which  increases  in  thickness  by 
means  of  a peculiar  cambium  layer.  The  fruit  in  some  genera  is  a 
berry. 

6.  Asparagece. — In  this  tribe  the  stem  is  a rhizome  which  sends 
up  leafy  sub-aerial  branches  ; the  fruit  is  a berry. 

Asparagus  bears  aerial  shoots  which  are  very  copiously  branched. 
The  apparent  leaves,  which  occur  crowded  together  in  clusters,  are 
really  leafless  shoots  or  cladodes,  the  true  leaves,  which  are  scaly, 
subtending  clusters  of  them.  Buscus  aculeatus  bears  leaflike 
phylloclades,  from  the  centre  of  each  of  which  the  flowers  are  borne. 
The  true  leaves  are  scaly  structures  which  subtend  the  phylloclades 

Fig.  961. 


Fig.  961.  Portion  of  a branch,  with  leaves  and  fruit,  of  Smilax 
papyracea. 

and  which  soon  drop  oft'.  Its  flowers  are  diclinous.  Paris  quadrifolia 
bears  tetramerous  solitary  flowers  ; it  approaches  the  Melanthece  in 
having  free  styles.  Its  foliage  leaves,  usually  four  in  number,  are 
borne  in  a whorl  below  the  flower.  Convallaria , the  Lily  of  the 
^ alley.  has  its  six  perianth  segments  fused  together  to  form  a white 
cup,  which  appears  as  if  it  were  a single  whorl,  the  segments  being 
displaced  to  the  same  level. 

7.  SmilacccB.-^ These  are  climbing  plants  with  their  stipules  or 
leaf-sheaths  modified  into  tendrils  (fig.  961).  The  leaves  have 
leticulate  venation.  The  plants  are  dioecious,  and  the  ovules  ortho- 
tropous  or  amphitropous. 

8.  1 hilesiece.  A small  South  American  tribe  with  perigynous 
stamens,  and  a 1-celled  ovary  with  parietal  placentation.  They 
approach  the  Roxburghiacece  in  many  points. 
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Order  3.  Pontedekiace.-e.— A small  order  of  aquatic  plants 
found  in  the  tropics,  especially  tropical  America.  They  differ  from 
Liliaccce  chiefly  in  having  zygomorphic  flowers.  There  is  frequently 
a reduction  in  the  number  of  stamens,  and  in  Pontederia  the  ovary 
has  only  one  cell  and  contains  a single  ovule. 

Order  4.  Philydrace.e. — A small  order  of  East  Asian  and 
Australian  plants.  They  have  a 3-leaved  petaloid  perianth,  one 
stamen,  and  two  petaloid  staminodes.  The  ovary  and  fruit  resemble 
those  of  Liliaccce. 

Order  5.  Xyuidace.-e. — Tropical  marsh  plants,  somewhat  re- 
sembling Sedges  in  their  appearance.  They  differ  from  Liliaccce  in 
their  scarious  perianth,  in  having  only  a single  whorl  of  stamens, 
and  a unilocular  ovary  with  parietal  placentation.  Their  anthers 
are  extrorse. 

Fig.  962. 


/■'ill.  8G2.  Flower  of  n species  of  Wood-rush  ( Luzula ),  having  nil  inferior 
perianth  with  six  divisions,  six  stamens,  and  a superior  ovary  with  one 

style  and  three  stigmas. Pig.  9C3.  Vertical  section  of  the  seed  of  the 

same. 

Order  6.  Comsielynace/E. — These  plants  have  nodose  stems,  with 
flattened,  often  sheathing  leaves.  The  perianth  is  2-whorled,  the 
outer  being  sepaloid.  The  stamens  are  typically  six,  but  some  are 
generally  abortive ; the  filaments  are  sometimes  clothed  with 
coloured  hairs  ( Tradescantia ).  The  ovary  is  like  that  of  the  Liliaccce. 

Order  7.  Mayace.e. — A small  order  of  tropical  American  plants. 
They  differ  from  Commelynacecc  in  having  1-celled  anthers  and  a 
1 -celled  ovary  with  parietal  placentation.  They  are  somewhat  moss- 
like in  appearance. 

Order  8.  Eapateace/e. — A small  order  of  South  American  marsh 
plants  with  radical  leaves.  The  main  stem  is  crowned  by  a number 
of  spikelets  which  have  the  appearance  of  a kind  of  capitulum. 

Series  4. — Calycince. 

The  plants  of  this  series  have  a sepaloid  perianth,  of  which 
the  inner  whorl  is  small  and  very  rarely  slightly  coloured.  The 
ovary  is  superior,  and  the  seeds  contain  considerable  endosperm. 
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Order  1.  Elagellarik*. — This  is  a small  order  of  tropical  plants 
chiefly  found  in  the  Malay  Archipelago,  Asia,  and  Africa.  It  is  often 
referred  to  Juncciccie , from  which  it  differs  in  the  structure  of  the 
seed. 

Order  2.  Juncace/E. — These  plants  differ  from  Liliacece 
only  in  the  character  of  the  perianth,  which  is  scarious  instead  of 
being  petaloid  (fig.  962).  In  some  cases  the  inner  whorl  of  stamens 
is  abortive,  and  in  others  the  ovary  is 
unilocular.  The  style  is  divided  at 
the  summit  and  bears  three  stigmas. 

The  embryo  shows  no  differentiation 
into  members.  The  order  approaches 
the  Sedges  and  Grasses  in  the 
character  of  its  sheathing  glabrous 
foliage  leaves,  the  sheath  of  which 
is  open  in  some  species,  but  closed 
in  others ; it  has  no  ligule.  The 
inflorescence  is  an  anthela,  which  is 
often  displaced  laterally  by  its  sub- 
tending leaf. 

Juncus,  the  Rush,  has  usually 
cylindrical  leaves  with  an  open  sheath ; 

Luzula  has  flat  leaves,  the  edges  of 
whose  sheath  are  united.  The  Rushes 
have  usually  stellate  parenchyma  in 
the  centre  of  their  leaves  and  stems. 

Order'd.  Palmace.®. — The  plants 
of  this  order  have  usually  a very 
characteristic  habit ; they  are  for 
the  • most  part  trees  whose  stems 
are  cylindrical  and  unbranched,  and 
whose  leaves  are  borne  thickly  to- 
gether, the  internodes  remaining 
very  short.  The  stem  is  then  covered  with  leaf  scars,  or  with  the 
actual  bases  of  the  leaves  which  have  perished.  On  the  summit 
of  the  trunk  there  is  usually  a close-packed  rosette  of  large  leaves. 
In  a few  cases,  particularly  in  Calamus , the  internodes  arc  long ; 
the  habit  is  then  different,  the  plants  creeping  or  climbing.  In 
the  Doum-palm  (Hyphcene)  the  stem  is  branched.  The  palms 
have  no  persistent  primary  root,  but  develop  a large  number  of 
adventitious  fibrous  roots.  The  leaves  are  very  distinctive  of  the 
group ; they  have  sheathing  petioles  of  some  dimensions,  which 


Pig.  964. 


Fig.  964.  Branched  spadix  ol' 
Chamcerops  enveloped  in  a 
spathe. 
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terminate  in  large  fan-shaped  laminae,  the  latter  folded  in  the 
bud.  The  laminae  become  torn  or  split  during  their  development. 
In  some  cases  a palm  only  hears  one  inflorescence  and  dies 
after  flowering.  The  inflorescence  is  borne  on  a fleshy  axis, 
which  is  often  branched.  This  spadix  may  be  enclosed  in  a 
single  spathe,  or  there  may  be  a spathe  for  each  branch.  The 


Fici.  965. 


Fio.  967.  Fig.  968. 


Fit].  905.  Diagram  of  a stnmimito  flower  of  tlio  Fail  Palm  ( Chamcerops ); 

witli  Kix  divisions  to  tin:  perianth,  and  six  stamens. Fin.  966,  Diagram 

of  a pistillate  flower  of  the  same,  with  six  divisions  to  the  perianth,  and 

a 8 -celled  ovary. Fig.  1)67.  Hermaphrodite  flower  of  the  Blue  Palmetto 

( V/uimarrojM  I igulrix ),  with  the  perianth  removed,  on.  Carpels.  ,il.  Sta- 
men*.  Fig.  U'.iS.  The  same,  with  three  of  the  stamens  removed,  so 

ns  to  exhibit  more  completely  the  three  carpels  composing  the  pistil. 
nt.  Stamens,  c.  Carpels. — —Fig.dQD.  Vertical  section  of  the  fruit  of  the 
Cocoa-nut  Palm  (Cocos  nucifern).  <i.  The  two  outer  layers  or  husk  of 
the  pericarp,  b.  Kndocarp  or  inner  layer,  c.  Fndosperm.  d.  Cavity  in 

the  endosperm,  c.  Kmbryo. fig.  970.  Vertical  section  of  tlieseed  of  the 

Fan  Palm. 


flowers  are  never  stalked,  and  may  be  partially  sunk  in  the 
tissue  of  the  spadix.  They  are  diclinous  as  a rule,  sometimes 
monoecious,  sometimes  dioecious.  The  perianth  is  usually 
2 -seriate.,  sepaloid,  persistent,  and  often  fleshy.  The  staminatc 
flowers  usually  possess  six  stamens,  but  the  number  is  not  con- 
stant; there  may  be  three,  or  they  may  be  numerous.  The 
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pistillate  flowers  have  three  carpels,  sometimes  free,  some- 
times combined  to  form  a 1 — 3-celled  ovary.  Each  carpel 
bears  a single  ovule,  but  two  out  of  the  three  are  usually 
abortive,  together  with  the  loculi  in  which  they  originate.  The 
fruit  is  a berry,  a drupe,  or  a nut,  with,  as  a rule,  a single  seed 
which  contains  a considerable  quantity  of  endosperm.  The 
latter  is  very  varied  in  composition  : in  the  Date  it  is  hard  and 
horny ; in  the  Cocoa-nut  it  is  thin-walled  and  contains  a quantity 
of  oil ; in  the  tribe  Sabalece  it  is  ruminated. 

The  order  is  divided  into  several  tribes,  but  the  divisions  adopted 
by  various  authors  are  not  uniform.  The  order  is  mainly  tropical  in 
its  distribution. 

Series  5. — Nudiflorce. 

In  this  series  the  perianth  is  usually  wanting,  but  it  may  be 
represented  by  setse  or  scales.  The  ovary  is  superior  ; it  may 
be  either  monocarpellary  or  syncarpous.  The  ovules  may  be 
1 — oo  ; the  seeds  generally  contain  endosperm. 

Order  1.  Pandanace.®. — This  is  a small  order  which  shows 
resemblances  on  the  one  hand  to  the  Palms,  and  on  the  other  to 
the  Aroids.  The  stems  are  arborescent  and  give  rise  to  a number 
of  adventitious  roots ; the  leaves  are  arranged  in  crowns,  and 
are  long  and  narrow  and  often  spiny.  The  flowers  are  dioecious, 
and  are  arranged  on  spadices,  which  become  succulent  and  unite 
with  the  drupaceous  or  baccate  fruits  to  form  soroses.  The 
order  is  found  in  the  Malay  Archipelago  and  Australia. 

Order  2.  Cyclanthacea; This  is  a small  order  of  tropical 

American  plants,  sometimes  included  in  the  Pandcmacece.  The 
flowers  are  diclinous,  and  are  arranged  in  close  spirals  or  in  whorls 
on  an  unbranched  spadix. 

Order  3.  TyimACEAS. — This  is  a small  order  of  marsh  plants 
with  rhizomes  which  bear  aerial  shoots  on  which  the  leaves 
arise  in'  two  rows.  The  leaves  are  linear  and  greatly  elongated. 
The  flowers,  which  are  diclinous,  are  borne  on  globose  or 
cylindrical  capitula,  or  spadices,  which  are  often  of  consider- 
able length.  The  staminate  inflorescences  are  situated  near  the 
apex  of  the  plant,  and  the  pistillate  ones  lower  down.  There  is  a 
perianth,  which  consists  of  a number  of  scales  or  bristles  ; the 
staminate  flower  has  three  stamens,  the  pistillate  flower  has  one 
or  two  carpels  and  bears  only  one  ovule,  which  is  pendulous. 

Sparganium  and  Typha  both  occur  in  Britain.  In  the  former 
the  capitula  are  globose  and  the  perianth  is  3-leaved.  In  the  latter 
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the  perianth  is  represented  by  a number  of  hairs,  and  the  staminate 
flowers  have  monadelphous  stamens. 

Order  4.  Arace/E. — These  are  plants  of  very  varied  habit 
and  of  very  wide  distribution.  Some  are  climbers,  attaching 


Fin.  071.  A plant  of  the  Cuckoo-pint  ( Arum  maculiUum)  in  fruit,  b.  Conn. 
I.  Leaf.  x.  The  remains  of  the  spathe.  c.  Fruit. Fin.  972.  Inflores- 

cence (spadix)  of  the  same,  with  part  of  the  spathe  cut  away  to  show  the 

flowers. Fi(/.  973.  The  spadix  of  the  same  with  the  spathe  removed  ; 

the  flowers  are  all  naked,  a number  of  pistillate  flowers  or  ovaries  are  at 
the  base,  above  them  are  some  rudimentary  ovaries,  then  a number  of 
sessile  anthers,  and  above  these  are  some  staminodes  or  abortive 

stamens. Fin.  974.  Vertical  section  of  the  ovary  of  the  same. 

Fin.  975.  Vertical  section  of  the  seed. 


themselves  by  adventitious  roots  to  trees  or  rocks ; some  are 
altogether  epiphytic  ; some  have  a thick  upright  stem ; many 
have  only  underground  stems,  which  may  be  tubers  or  rhizomes. 
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The  leaves  are  reticulately  veined,  and  many  are  formed  on  the 
pinnate  type.  The  cymose  type  is,  however,  often  met  with, 
many  species  having  pedate  leaves.  Many  of  the  pinnately 
veined  forms  are  cordate  or  sagittate.  In  all  cases  they  are 
glabrous.  The  inflorescence  is  a thick  spadix,  usually  provided 
with  a spathe,  which  in  many  species  is  large  and  brightly 
coloured.  The  flowers  are  generally  diclinous,  but  in  some 
species  they  are  perfect.  In  the  diclinous  forms  the  pistillate 
flowers  are  arranged  in  a group,  lower  down  than  the  staminate 
ones  (fig.  973).  In  some  species  there  is  a ring  of  barren  stami- 
nate flowers  above  the  others.  In  some  the  stamens  are  free,  in 
others  monadelphous.  In  some  pistillate  flowers  staminodes 
occur.  In  Arisarum  the  staminate  flowers  consist  of  a single 
stamen,  and  the  pistillate  ones  of  a solitary  carpel.  Some  have 
a perianth,  others  have  not ; in  those  which  have,  the  leaves  may 
be  free  or  coherent.  The  fruits  are  berries  ; the  ovules  may  be 
orthotropous,  anatropous,  or  campylotropous  ; there  may  or  may 
not  be  endosperm  in  the  seeds.  They  show  a great  variety  also 
in  their  internal  structure. 

The  order  may  conveniently  be  divided  into  three  tribes  as  under : — 

1.  Aroidece. — The  flowers  are  monoecious  and  have  no  perianth, 
and  are  surrounded  by  a large  spathe. 

Arum  maculatum , the  Cuckoo-pint  or  Lords  and  Ladies,  has  a 
spadix  which  terminates  in  a naked  club-shaped  swelling  ; below  this 
is  a number  of  rudimentary  staminate  flowers  which  close  a constric- 
tion in  the  folded  spathe  so  as  to  form  a kind  of  chamber  in  which 
the  true  flowers  are  situated,  the  pistillate  ones  being  at  the  bottom 
of  the  spadix  and  the  staminate  ones  just  below  the  throat  of  the 
spathe  (figs.  972,  973). 

2.  Acorece. — The  flowers  are  perfect,  and  there  is  usually  a perianth, 
which  is  2-seriate  ; two  whorls  of  stamens  are  generally  present. 

Accrrus  Calamus , the  Sweet  Flag,  is  common  in  the  eastern 
counties  of  England.  It  has  a triquetrous  rhizome,  which  bears  long 
ensiform  leaves,  which  when  bruised  are  fragrant.  The  inflorescence 
is  terminal,  but  becomes  apparently  lateral,  through  a displacement 
caused  by  the  spathe,  which  grows  on  in  the  line  of  the  flowering 
stem.  The  spadix  bears  a dense  aggregation  of  flowers. 

3.  Called:. — The  flowers  are  perfect,  but  have  no  perianth.  There 
are  six  to  nine  stamens  and  a 1-celled  ovary. 

Monstera  deliciosa  is  cultivated  in  greenhouses  as  an  ornamental 
plant.  It  has  curiously  perforated  leaves,  the  apertures  in  which  are 
caused  by  the  growth  of  the  vascular  bundles  being  faster  than  that 
of  the  tissue  between  them,  the  latter  being  consequently  torn. 

The  plants  of  this  order  are  all  more  or  less  acrid,  and  often 
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highly  poisonous,  but  this  acrid  principle  is  frequently  volatile,  or 
decomposed  by  heat ; hence  it  may  be  in  some  cases  more  or  less 
destroyed  by  drying  or  exposing  to  heat  the  parts  in  which  it  is 
found.  The  best  method  of  getting  rid  of  the  acridity  is,  however, 
that  of  boiling  in  water,  as  the  acrid  matter  is  commonly  soluble  in 
that  fluid.  Starch  is  usually  associated  with  the  acrid  principle,  and 
when  extracted,  may  be  used  for  food  like  other  starches.  The 
underground  stems  or  conns  of  many  species,  when  cooked,  are 
eaten  in  different  parts  of  the  world.  Some  are  aromatic  stimu- 
lants ; others  expectorant,  antispasmodic,  or  diaphoretic. 

Order  5.  Lemnaceie. — These  are  small  free-swimming  plants 
which  occur  on  the  surface  of  ponds  or  still  streams.  The 


plant  body  is  a thallus  from  which  roots  hang  downwards  ; 
the  thallus  branches  cymosely.  The  inflorescence  is  a much 
reduced  spadix  consisting  of  two  staminate  flowers  and  a single 
pistillate  one,  borne  on  a branch  of  the  thallus.  Each  staminate 
flower  consists  of  a single  stamen,  and  each  pistillate  one  of  a 
single  carpel. 

Lemna  is  the  Duckweed.  There  are  several  species,  most  of 
which  are  common  on  stagnant  water.  They  have  a thin  mem- 
branous urn-shaped  spathe.  Wolffia  arrhiza  is  the  smallest  flower- 
ing plant  known  ; it  has  no  roots,  no  vascular  tissue,  and  no  spathe. 


Fig.  97(5. 


SOlIldll  \ M.JlIIlUII  um**  V , ft*  r \~n 

the  centre;  the  whole  surrounded  by  a spathe. I'm.  0/7.  Vertical 

section  of  the  pistil  of  the  same.  * 
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Series  6. — Apocarpce. 

These  plants  are  characterised  by  having  distinct  or  solitary 
carpels.  The  ovary  is  superior,  the  stamens  hypogynous,  and 
the  seeds  exalbuminous.  The  perianth  is  sometimes  biseriate, 
sometimes  uniseriate,  sometimes  absent. 

Order  1.  Tricridace®. — This  is  a small  order  of  tropical  plants 
allied  to  Naiadaccce,  but  usually  to  be  distinguished  from  them  by  a 
rudimentary  embryo.  The  flowers  also  are  sometimes  perfect. 

Order  2.  Alismacete. — The  plants  of  this  order  are  either 
aquatic  in  habit  or  grow  in  marshy  places.  They  have  radical 
leaves  and  long-stalked  inflorescences.  The  flowers  are  regular 

Fig.  978.  Fig.  979. 


Fig.  978.  Flower  of  a species  of  Alisma , with  an  inferior  perianth  arranged 
in  two  whorls,  each  consisting  of  three  parts,  six  stamens,  and  numerous 
separate  carpels. Fig.  979.  Vertical  section  of  the  same  flower. 


and  typically  perfect,  but  in  many  the  andrcecium  or  gynoecium 
is  suppressed.  The  perianth  is  in  two  whorls,  the  inner  of 
which  is  usually  petaloid.  There  is  often  a greater  number  of 
stamens  than  is  typical,  the  three  of  the  outer  whorl  being 
chorised  to  form  six,  making  nine  in  all,  or  several  additional 
whorls  of  three  each  being  intercalated  between  the  normal 
whorls  and  the  pistil.  The  carpels  undergo  a similar  augmenta- 
tion, and  in  some  cases  are  arranged  spirally.  The  carpels  are 
distinct  or  partially  coherent  at  their  bases. 

There  are  two  principal  tribes  or  divisions  of  the  order. 

1.  Alismece. — The  fruits  in  this  division  are  achenes,  and  the 
embryo  is  curved. 

Alisma  has  six  stamens  in  the  outer  whorl,  the  inner  whorl  being 
suppressed.  It  has  a large  number  of  free  carpels  crowded  together 
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on  a broad  receptacle.  Sagittaria  has  monoecious  flowers,  numerous 
stamens  and  carpels.  The  former  are  arranged  in  several  whorls,  the 
latter  exhibit  spiral  phyllotaxis.  The  plant  is  heterophyllous,  its 

submerged  leaves  being  ribbon- 
shaped, and  its  sub-aerial  ones 
sagittate  or  arrow-shaped. 

2.  Butomuce. — The  fruits  are 
follicles  with  many  seeds,  which 
are  borne  all  over  the  inner 
surfaces  of  the  carpellary  leaves. 
The  embryo  is  not  curved. 

Butomus  umbellatus  has  an 
umbellate  inflorescence,  which 
is  really  composed  of  three  heli- 
coid cymes.  The  outer  whorl 
of  stamens  is  doubled  and  the 
inner  whorl  is  present,  and  there 
are  two  whorls  of  three  carpels 
The  plant  springs  from  an  underground  rhizome. 

Order  3.  Naiadage.*. — The  plants  of  this  order,  like  those  of 
the  last,  have  either  an  aquatic  or  marshy  habitat.  The  perianth 
may  be  absent,  or  may  have  two,  four,  or  six  segments  ; in  the 
last  two  cases  they  arc  in  two  series.  They  are  usually  sepaloid 
and  inconspicuous.  The  flowers  arc  sometimes  diclinous;  the 
stamens  may  be  one  to  four  or  six,  in  two  whorls.  The  carpels 
are  generally  free,  one  to  six  in  number;  sometimes  two  whorls 
of  three  each  are  present;  sometimes  the  outer  whorl  of  these  is 
abortive. 

The  order  is  divided  into  the  following  tribes : — 

1.  JuncaginecB. — These  plants  are  sometimes  dioecious ; the 
perianth  has  two  sepaloid  whorls,  two  whorls  of  stamens  with  ex- 
trorse  anthers,  and  two  whorls  of  carpels,  of  which  one  is  sometimes 
suppressed  ; in  some  species  the  carpels  are  coherent  together. 

Triglocliin  has  its  flowers  arranged  in  long  lax  spikes  without 
bracts.  The  pistil  is  bicarpcllary  and  syncarpous ; the  fruit  is  a 
schizocarp,  splitting  from  below  upwards. 

2.  A]>onogeto?icce. — Aquatic  plants  with  a tuberous  stem.  The 
perianth  is  single  and  petaloid  ; as  a rule  there  are  six  stamens  and 
three  carpels. 

Ouvirandra  fenestralis  is  cultivated  in  greenhouses.  It  has 
peculiar  latticed  leaves,  the  mesophyll  between  the  veins  becoming 
absorbed  as  the  leaf  grows. 

3.  Potamece. — The  perianth  is  absent ; the  flowers  are  dimerous 
and  perfect.  The  fruits  are  nuts  or  drupes  ; the  embryo  is  curved. 


Fio.  980.  Fro.  981. 


Fig.  080.  A flower  of  the  Flowering  Hush 
( /I  it  tom  its  tnnbellatux),  with  nil  inferior 
perianth  arranged  in  two  whorls,  nine 

stamens,  and  six  carpels. Fig.  981. 

Vertical  section  of  the  seed  of  the  same. 
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The  plants  are  generally  quite  submerged,  but  a few  species  have 
floating  leaves. 

Potamogetoii  has  a creeping  sympodial  rhizome,  and  its  flowers 
are  borne  in  spikes.  The  flowers  have  four  stamens,  with  a broad 
leafy  connective,  simulating  a perianth ; there  are  four  free  carpels. 
Ruppia  has  only  two  stamens. 

4.  Posidoniecc . — These  are  marine  plants  bearing  diclinous 
flowers  with  no  perianth ; the  staminate  flower  consists  of  three 
stamens,  the  pistillate  one  of  a solitary  carpel. 

5.  Zanniclielliece. — The  flowers  are  monoecious,  or  sometimes 
dioecious.  In  Zannichellia  the  staminate  flower  has  one  stamen  and 
is  naked ; the  pistillate  flower  has  a bell-shaped  perianth  surround- 
ing four  to  six  carpels. 

6.  Zosterece. — These  are  marine  plants  growing  in  brackish 
water.  They  are  either  monoecious  or  dioecious. 

Zostera,  the  Grass-wrack,  is  an  entirely  submerged  plant  with 
ribbon-like  leaves.  It  bears  a curiously  flattened  spike,  on  one  side 
of  which  are  two  rows  of  flowers.  The  perianth  is  not  developed, 
and  there  is  a solitary  stamen  and  a solitary  carpel.  The  pollen  is 
linear. 

7.  Naiadece. — These  are  annual  herbs  living  in  fresh  water.  The 
flowers  are  dioecious ; the  staminate  flower  consists  of  a single 
stamen,  with  sometimes  four  pollen  sacs  and  sometimes  only  one. 
The  anther  is  an  axial  structure,  being  developed  at  the  apex  of  the 
axis,  which  it  terminates.  It  is  surrounded  by  a ring-like  outgrowth, 
which  probably  represents  a perianth  that  originates  late  in  the 
course  of  the  floral  development.  There  is  also  an  outer  sac  or 
envelope  to  the  anther,  which  may  be  homologous  with  the  spathe 
of  some  allied  forms  and  with  the  cup-shaped  envelope  of  Zanni- 
chellia. The  ovule  is  also  terminal ; as  it  develops,  a ring-like  wall 
grows  up  round  it,  the  margin  of  which  becomes  2 — 3-lobed ; this 
structure  ultimately  forms  a closed  chamber  with  the  ovule  inside. 
It  is  not  to  he  confused  with  the  integuments  of  the  latter,  which  are 
developed  normally.  Nor  can  it  be  considered  a carpel,  from  the 
order  of  the  development.  It  may  be  homologous  with  the  perianth 
of  Zannichellia , which  surrounds  several  carpels,  the  latter  being 
here  reduced  to  one  and  the  ovary  being  suppressed,'  the  ovule  alone 
being  developed. 

8.  Cymodocea;.  - Marine  plants  with  dioecious  flowers.  There  is 
no  perianth  ; the  staminate  flowers  have  two  connate  stamens,  the 
pistillate  ones  two  carpels  ; there  is  a single  orthotropous  ovule. 

Series  7. — Glumacece. 

The  plants  of  this  series  have  their  flowers  arranged  in 
spikelets  or  heads ; they  are  invested  by  membranous  bracts  or 
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glumes,  which  are  often  imbricated  and  always  sessile ; the 
perianth  is  very  much  reduced,  aud  is  never  represented  by  any 
hut  scale  leaves ; it  may  be  entirely  absent.  The  ovary  is 
superior,  uni-  or  multilocular ; each  loculus  contains  a single 
ovule.  The  seeds  have  endosperm. 

Order  1.  Eeiocaulaceus. — A tropical  order  of  aquatic  or  marsh- 
loving  plants,  whose  dowers  are  arranged  in  capitula  surrounded  by 
involucra.  The  dowers  are  small  and  diclinous  ; the  same  capitulum 
usually  contains  both  staminate  and  pistillate  dowers.  The  perianth 
is  2-seriate,  and  its  leaves  are  membranous ; the  stamens  are  in 
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Fig.  983. 


Fig.  984. 
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the  perianth  is  biseriate  and  scarious ; the  stamens  are  three  and 
are  antipetalous.  The  ovary  is  1— 3-celled. 

Order  4.  CyperacejE. — The  plants  of  this  order  are  perennial 
or  rarely  annual  herbs  with  a sympodial  rhizome,  from  which 
sub-aerial  stems  are  sent  up.  The  latter  are  usually  solid  and 
triangular,  and  do  not  show  the  swollen  nodes  characteristic 
of  Grasses.  The  leaves  are  arranged  in  rows  along  each  side  of 
the  triangular  stem,  so  that  they  are  in  three  ranks.  The 
petioles  are  sheathing,  but  the  sheath  is  closed  in  front.  The 
ligule  of  the  Grasses  is  seldom  represented,  and  is  then  very 
insignificant.  The  flowers  are  arranged  in  spikes  or  spikelets, 
and  these  are  gathered  into  compound  spikes  or  racemes.  The 


Fig.  985. 

St 


Fig.  986. 


Fig,  987. 


Fig,  985.  Flower  of  a speoiesof  Club-rush  ( Stirpus )’ 
the  glume  having  been  removed,  b.  Hypogynous 
set®  or  bristles  forming  a kind  of  perianth 
si.  Hypogynous  stamens  with  2-celled  innate 
anthers,  o.  Ovary,  s.  Style,  stig.  Stigmas.-i — 
Fig.  986.  Vertical  section  of  the  fruit  of  a species 
of  Carex.  s.  Pericarp,  le.  Integuments  of  the 

seed.  alb.  Albumen,  pi.  Embryo. Fig.  987. 

Embryo  of  a species  of  Carex  removed  from  the 
albumen,  a.  Lateral  swelling,  r.  Radicle,  c. 
Cotyledon,  f.  Slit  corresponding  to  the  plumule. 


flowers  arise  in  the  axils  of  bracts  which  are  membranous. 
They  arc  diclinous  in  some  genera,  perfect  in  others.  The 
perianth  of  the  typical  monocotyledonous  flower  is  generally 
altogether  wanting,  but  its  place  is  sometimes  taken  by  six  bristles 
(fill.  985)  or  by  a number  of  hairs.  The  flower  has  three  stamens, 
which  represent  the  outer  or  antisepalous  whorl ; the  anthers 
are  innate.  The  pistil  is  typically  trimerous,  but  sometimes 
there  are  only  two  carpels ; there  is  a single  style,  branched  at  the 
apex  and  bearing  two  or  three  stigmas  ; the  ovary  is  1-celled,  and 
bears  a single  erect  anatropous  ovule.  The  fruit  is  a kind  of 
nut. 
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The  order  is  divided  into  two  tribes,  as  under : — 

1.  Scirpea. — The  flowers  in  this  tribe  are  perfect ; the  bracts  are 
arranged  either  spirally  or  in  two  rows.  Flowers  are  sometimes 
absent  from  the  axils  of  the  lower  ones.  The  spikelets  are  composed 
of  several  flowers ; the  perianth  is  absent  or  composed  of  bristles.  In 
Eriophorum  these  are  developed  into  a bunch  of  woolly  hairs. 

2.  Caricece.  The  flowers  are  diclinous;  the  bracts  are  in  many 
rows.  The  staminate  and  pistillate  flowers  are  sometimes  in  the 
same  spikelet,  but  generally  this  is  not  the  case,  a spikelet  being 
either  staminate  or  pistillate. 

Carex  is  the  most  representative  genus  of  this  tribe.  It  has 
naked,  generally  monoecious  flowers.  Bach  staminate  flower  consists 
of  three  stamens  in  the  axil  of  a bract.  The  pistillate  flower  usually 
has  three  carpels  ; it  is  borne  on  a very  small  branch  arising  in  the 
axil  of  a bract.  Another  bract  is  placed  on  this  branch  opposite  to 
the  first  one,  and  the  pistillate  flower  arises  in  its  axil.  As  the 
flower  develops,  this  bract  grows  and  envelops  it,  forming  a kind  of 
cup-  or  urn-shaped  body,  known  as  a perigone. 

Order  5.  Gbamine/e. — The  plants  of  this  order,  known  as 
Grasses,  are  commonly  annual  or  perennial  herbs  with  hollow 
jointed  stems  and  leaves  with  sheathing  petioles,  the  sheath  of 
which,  with  a few  exceptions,  is  split ; at  the  junction  of  the 
petiole  and  blade  there  is  a ligule.  There  are  exceptions, 
however,  to  this  general  character.  Some  tropical  species, 
particularly  ihc  Bamboos,  have  an  arborescent  habit  and  bear 
tufted  branches,  especially  from  the  axils  of  the  basal  leaves. 
Some  species — e.g.  Maize,  Sugar-cane — have  a solid  stem.  The 
leaf-blades  are  usually  linear  and  flat,  but  many  Grasses  of  xero- 
phytic  habit  have  the  blades  rolled  up  and  consequently  appearing 
almost  cylindrical.  The  sheath  is  not  split  in  a few  species  of 
Mclica,  Poa,  Bromus,  and  Glycerin.  The  flowers  are  arranged 
in  locust®  or  spikelets,  which  may  consist  of  a single  flower,  or 
of  several,  with  usually  a rudimentary  one  at  the  apex  (figs.  988, 
989).  The  flowers  are  usually  in  two  alternate  rows  on  the 
rachis  of  the  spikelet.  The  spikelets  themselves  are  variously 
grouped,  so  that  the  inflorescence  may  be  a compound  spike  or 
a panicle.  Each  spikelet  has  a pair  of  membranous  leaves  at  its 
base  ; these  are  known  as  glumes  (fig.  989,  gl).  Sometimes  there 
are  more  than  two  of  these.  On  the  axis  of  the  spikelet,  imme- 
diately above  the  inner  glume,  the  first  flower  is  placed.  It  has 
exteriorly  two  more  scarious  leaves,  the  lower  of  which  resembles 
the  glumes,  while  the  upper  one,  opposite  to  the  lower,  has  two 
nerves  or  midribs.  The  lower  is  usually  called  the  flowering 
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glume , or  the  lower  pale ; the  binerved  one  is  called  the  upper 
pale , or  sometimes  simply  th epale.  Inside  the  pales  are  generally 


Fig.  988.  Fig.  989- 


Fig.  988.  Loeusta  or  spikelet  of  the  Oat  (Avena).  gl.  Glumes.  ps,pi.  Pales. 
a.  Awn  arising  from  the  back  of  the  lower  pale,  ps.  fs.  An  abortive 

flower. Fig.  989.  Diagram  of  a spikelet  of  the  Oat  (Avena).  (From 

Le  Maout.)  gl,  gl.  Two  glumes,  enclosing  two  perfect  flowers,  and  one, 
a,  abortive,  b.  The  outer  palea  or  flowering  glume,  b,  b.  The  inner  palea. 
P,  p.  Two  scales  or  lodicules ; the  dotted  curved  line  above  the  stamens 

marks  the  position  of  a third  abortive  scale,  e.  Stamens,  c.  Ovary. 

Fig.  990.  Fertile  flower  of  the  Oat,  without  the  pale®.  p.  Lodicules. 

e.  Stamens,  o.  Ovary,  s,  s.  Feathery  stigmas. Fig.  991.  One  of  the 

florets  of  a species  of  Meadow  Grass  (Foa  pralensis). Fig.  992.  One  of 

the  florets  of  the  Hard  Fescue  Grass  ( Fesluca  duriuscula). Fig.  993. 

The  embryo  of  the  Oat.  a.  Scutellum.  c.  Cotyledon,  r.  Radicle.  /.  Slit 
from  which  the  plumule  will  emerge. 


two  small  scales,  which  arc  placed  where  the  edges  of  the  two 
pales  overlap.  These  are  known  as  the  lodicules  (figs.  989,  ptp, 
and  990, p).  Sometimes  a third  is  present,  when  it  lies  between 
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the  two  nerves  of  the  upper  pale.  In  some  species  the  lodicules  are 
abortive.  The  stamens  are  usually  three,  the  typical  inner  whorl 
of  the  monocotyledonous  flower  being  absent.  In  some  species 
all  six  stamens  are  present,  and  in  others  there  are  as  many  as 
eighteen  stamens.  When  the  flower  opens,  these  stamens  are 
exserted  and  the  anthers  are  versatile  ; they  are  of  curious  shape, 
being  notched  or  indented  at  their  ends.  The  pistil  has  only  one 
carpel,  but  this  may  bear  two  or  three  styles,  the  former  being 
the  usual  number.  The  style  is  much  branched,  and  ends  in  two 
or  three  feathery  or  plumose  stigmas.  The  ovary  is  1-celled, 
and  contains  a single  ovule.  The  fruit  is  a caryopsis,  the 
pericarp  being  adherent  to  the  testa  of  the  seed.  In  some 
genera,  particularly  the  Barley  and  Oat,  the  pales  also  become 
adherent  to  the  fruit. 

The  glumes  and  the  lower  pales  frequently  bear  a bristle-like 
body,  known  as  an  awn.  This  generally  springs  from  the  back 
of  the  leaf,  a little  behind  the  apex.  Some  morphologists  con- 
sider this  to  represent  the  blade  of  the  leaf,  and  the  glume  or  pale 
to  be  only  the  sheathing  base. 

The  structure  of  the  Grass  flower  has  been  the  subject  of  much 
controversy.  Some  morphologists  suggest  that  it  agrees  fairly 
closely  with  the  Liliaceous  type,  sliowiug  only  a moderate  degree  of 
suppression  of  parts,  together  with  the  assumption  of  scarious  instead 
of  petaloid  perianth  leaves.  The  resemblance  is  traceable  tlirpugh 
the  order  Juncacere,  in  which  the  Liliaceous  type  is  seen  with 
membranous  perianth.  On  this  view  the  outer  or  sepaline  whorl  is 
represented  by  the  lower  and  upper  pales,  the  latter  of  which  repre- 
sents two  of  the  sepals  that  have  become  gamosepalous.  This  is 
supported  by  the  fact  that  this  pale  has  two  midribs,  and  is  often 
cleft  to  various  depths  between  them.  In  a species  of  Bromus  this 
cleft  extends  to  the  base,  so  that  there  is  a whorl  of  three  leaves. 
The  position  of  the  midribs  in  the  flower,  situated  as  they  are  at  an 
angular  distance  of  120°,  supports  this  view.  The  corolla  is  repre- 
sented by  the  lodicules,  which  occur  in  proper  alternation  with  these 
midribs.  If  only  two  of  these  are  present,  they  still  occupy  a position 
which  is  consistent  with  this  view,  the  one  which  is  suppressed 
leaving  a space  vacant  between  the  two  midribs  of  the  upper  pale. 
The  andrcecium  usually  shows  the  suppression  of  the  inner  whorl, 
the  three  stamens  which  are  present  alternating  with  the  lodicules. 
Suppression  is  seen  in  the  pistil,  but  the  original  or  typical  three 
carpels  are  often  suggested  by  three  stigmas.  . 

Other  botanists  do  not  accept  this  view,  but  consider  the  flower 
to  have  undergone  reduction  in  a way  similar  to  that  which  has 
affected  many  other  Monocotyledons,  particularly  the  Aroids  and  the 
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members  of  the  last  series.  They  suggest  the  following  explanation. 
The  outer  pale  is  the  bract  of  the  flower,  and  bears  a floral  shoot  in 
its  axil.  The  upper  pale  is  a bracteole  higher  up  on  the  shoot,  and 
is  binerved  owing  to  pressure  against  the  main  axis  during  develop- 
ment. The  lodieules  represent  a rudimentary  perianth  reduced  to  a 
single  whorl,  the  outer  whorl  of  the  Juncace®  having  been  entirely 
suppressed,  and  in  most  cases  the  posterior  leaf  of  the  inner  whorl 
as  well.  The  outer  whorl  of  stamens  on  this  view  is  the  whorl  which 
is  suppressed. 

A third  view  is  that  the  lodieules  also  are  bracteoles,  the  two 
antero-lateral  lodieules  representing  the  two  halves  of  a single 
bracteole,  which  is  present  as  such  in  Melica.  On  this  hypothesis 
the  flower  is  altogether  naked,  and  its  affinities  are  more  closely  with 
the  Naiadaceous  type. 

The  flowers  of  the  Grasses  are  usually  pollinated  by  the  wind. 
Cleistogamic  flowers  occur  in  a few  genera.  When  the  flowers  are 
mature  they  are  caused  to  open  by  the  lodieules,  which  expand  and 
force  the  pales  apart.  The  filaments  then  elongate  very  rapidly,  and 
the  anthers  droop  over  the  side  of  the  spikelets.  Self-pollination  is 
very  common,  as  the  pollen  is  scattered  over  the  open  spikelet. 

The  order  is  usually  divided  into  eleven  tribes,  as  under  : — 

1.  Bambusece. — Arborescent  much-branched  stems.  Stamens  six. 

2.  Oryzece.— Laterally  compressed  spikelets,  two  to  four  glumes  ; 
stamens  six. 

3.  Maydece. — The  flowers  are  diclinous  and  monoecious. 

4.  Andropogonece. — Tall  grasses  with  solid  stems  ; flowers  mon- 
oecious or  polygamous  ; glumes  three. 

5.  Festucece — Spikelets  many-flowered  ; glumes  shorter  than  the 
lower  pales,  which  have  no  awn  or  a terminal  one. 

6.  A venece.—  Spikelets  usually  of  two  flowers,  sometimes  with  a 
rudimentary  third  one ; glumes  long,  enclosing  the  spikelet ; lower 
pale  with  a long  twisted  awn. 

7.  Agrostidece.—  Spikelets  1-flowered,  arranged  in  panicles.  Gene- 
rally only  one  pale  to  each  flower. 

8.  Phalaridea. — Spikelets  in  panicles ; each  1-flowered,  with 
sometimes  one  or  two  rudimentary  or  staminate  ones  ; glumes  four,  the 
inner  pair  being  the  smaller. 

9.  Chloridece. — Spikelets  arranged  in  two  rows  on  one  side  of  a 
laterally  compressed  axis;  each  1-flowered. 

10.  Panicece.—  Spikelets  dorsal  ly  compressed  in  compound  spikes. 
Glumes  three,  the  lowest  smallest. 

11.  Honlece.—  Spikes  compound ; spikelets  sessile  in  the  notches 
of  a toothed  rachis. 
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Artificial  Analysis  of  the  Orders  in  the  Class. 


Monocotyledones. 

( Modified  from  Lindley.) 

Sub-Class  I. — Petaloide/e. 


1.  Flowers  with  an  evident  Perianth. 


A.  Ovary  inferior  {Infcrce  or  Epigynee). 


a.  Flowers  gynandrous. 

Ovary  1-celled.  Placentas  parietal 
Ovary  3-colled.  Placentas  axile 

b.  Flowers  not  gynandrous. 


. Orchidacece. 
Orchidacece 
(Apostasiece). 


1.  Veins  of  leaves  diverging  from  the  midrib, 
and  parallel  to  each  other. 

Embryo  enclosed  in  endosperm. 

Anther  2-celled.  Filament  1,  not  peta-  ( 
loid  . • . . . . f 

Embryo  not  enclosed  in  endosperm. 

Anther  1-celled.  Filament  1 . . j 

Anther  2celled.  Filaments  more  i 

than  1 J 


Scita  minacete 
(Zingiberece) 

Scitaininacece 
( Marantece ). 
Scitaininacece 
( Musece ). 


2.  Veins  of  leaves  diverging  from  the  base,  and 
parallel  to  the  midrib. 

Stamens  3. 

Anthers  extrorse 

Anthers  introrse  ..... 
Stamens  (i. 

Anthers  extrorse 

Anthers  introrse. 

Leaves  equitant  ..... 
Leaves  flat. 

Fruit  1-celled 

Fruit  3-eelled. 

Outer  whorl  of  the  perianth  petaloid 
Outer  whorl  of  the  perianth  not 

petaloid 

Stamens  more  than  G 


Iridacece. 

Burmanniaceai. 

B urmanniacece. 

Heemodoracece. 

Taccacece. 

Aviary  Uidacecc. 

Bromeliacece . 
Hydrocharidacece. 


3.  Veins  of  leaves  reticulated. 
Flowers  unisexual  . 


Dioscoreacece. 
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Ovary  superior  ( Superce ).  Leaves  parallel- 

veined. 


a.  Outer  whorl  of  the  perianth  herbaceous  or 
glumaceous. 


Carpels  more  or  less  distinct. 

Seeds  attached  over  the  whole  inner  | 
walls  of  the  fruit  . . . . 1 

Seeds  attached  to  axile  or  basal  placentas. 
Flowers  conspicuous.  Embryo  curved,  } 
without  a slit  ...  . )' 

Flowers  inconspicuous.  Embryo  . 

straight,  with  a lateral  slit  . . J 

Carpels  combined. 

Inner  whorl  of  the  perianth  different  from 
the  outer. 

Placentas  axile.  Anthers  2-celled.  Cap- 
sule 2 — 3-celled 

Placentas  parietal. 

Anthers  2-celled.  Capsule  1-celled 
Anthers  1-celled.  Capsule  1-celled 
The  outer  and  inner  whorls  of  the  perianth 
alike. 

Flowers  on  a spadix.  Embryo  with  a 

lateral  slit 

Flowers  not  on  a spadix.  Embryo  with- 
out a slit 


Alismacece 

[Butomece). 

Alismacece 
[ Alismece ). 
Naiadacece 
(J uncaginece). 


Commelynacece. 

Xyriclacece. 

Mayacece. 


Aracece. 

Juncacece. 


b.  Outer  whorl  of  the  perianth petaloid,  or  the 
whole  petaloicl  when  only  one  whorl  is 
present. 


Carpels  more  or  less  distinct. 

Seeds  solitary.  Flowers  on  a spadix  . 
Seeds  numerous.  Flowers  not  on  a spadix. 

Anthers  extrorse  . . . . | 

Anthers  introrse. 

Perianth  of  6 parts.  Seeds  without  i 
albumen  . . . . J 

Perianth  of  2 parts.  Seeds  with  albumen 
Carpels  combined. 

Flowers  on  a spadix 

Flowers  not  on  a spadix. 

Perianth  rolled  inwards  after  flower- 
ing. Aquatics  .... 
Perianth  not  rolled  inwards  after  flower- 
ing, conspicuous  .... 


Palmacece. 

Liliacece 

(Melanthece). 

Alismacece 

[Butomece). 

Philyclracece. 

Palmacece. 


Pontederiacece. 

Liliacece. 


234 


MANUAL  OF  BOTANY 


C.  Ovary  superior.  Leaves  net-veined. 

a.  Placentas  basal 

b.  Placentas  axile 

c.  Placentas  parietal . 

2.  Flowers  either  naked,  or  with  a wiiorled 
GENERALLY  UNISEXUAL. 

A.  Flowers  on  a spadix. 

a.  Flowers  bisexual. 

Embryo  cleft 

Embryo  solid 

b.  Flowers  unisexual. 

Embryo  solid 

Embryo  cleft  on  one  side. 

Flowers  with  a true  spathe.  Fruit  succulent. 

Anthers  sessile,  or  nearly  so . 

Flowers  without  a true  spathe.  Fruit  dry. 
Anthers  on  long  filaments  . 

B.  Flowers  not  arranged  on  an  evident  spadix. 

a.  Flowers  bisexual. 

Ovary  superior j 

I 

Ovary  inferior 

b.  Flowers  unisexual. 

Ovules  erect. 

Embryo  perfect. 

Seed  without  albumen  .... 

Embryo  rudimentary 

Ovules  pendulous. 

Carpel  solitary. 

Seed  without  albumen. 

Pollen  globose  or  tubular 

Seed  with  albumen 

Carpels  several,  distinct. 

Anthers  2-celled 

Anthers  1-celled  . . . 

Carpels  several,  combined. 

Anthers  1-celled. 

Stamens  2 — 8 ..... 

Stamen  1 ..... 

Anthers  2-celled.  Placentas  axile. 

Seeds  with  rows  of  hairs 
Seeds  without  rows  of  hairs  . 

Anthers  2-celled.  Placentas  parietal 


( 

1 


lloxb  urghiacece. 
Liliacece 
(Smilacece). 
Liliacece 
(Philesiece). 

scaly  Perianth, 


Aracece. 

Pandanacece. 

Pandanacece. 


Aracece. 

Typhacece. 


Naiadaccce 

(Juncaginece). 

Hyclrocharidacece. 


Naiadacece. 

Triuridacece. 


Naiadacece. 

Pestiacece. 

Naiadacece. 

Oentrolejndece. 

Pestiacece. 

Gentrolepidece. 

Eriocaulacece. 

Pestiacece. 

Xyridacece. 
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Sub-Class  II. — Glujiaceus. 

Stem  solid.  Leaf-sbeaths  not  slit.  Embryo 
basilar,  within  the  albumen  .... 
Stem  hollow.  Leaf-sheaths  slit.  Embryo  basilar, 
outside  the  albumen 

Stjnojtsis  of  the  British  Natural  Orders 

Monocotyledones. 

A.  Leaves  net-veined. 

1.  Floral  envelopes  whorled. 

Perianth  inferior.  Flowers  perfect  . j 

Perianth  superior.  Flowers  dioecious 

2.  Perianth  absent.  Flowers  on  a spadix 

(monoecious) 

B.  Leaves  parallel-veined,  persistent. 

1.  Floral  envelopes  whorled  or  absent. 

a.  Ovaries  more  than  1,  with  styles  or  stig- 

mas distinct. 

Perianth  4-parted  or  0,  or  inconspicuous  j 
Perianth  6-parted. 

Placentation  diffuse  . . . j 

Placentation  axile  or  basal. 

Flowers  conspicuous  . . . j 

Flowers  inconspicuous  . . | 

b.  Ovary  single. 

Ovary  inferior. 

Stamen  1.  Flowers  gynandrous 
Stamens  free  from  the  style. 

Perianth  petaloid. 

Stamens  3,  anthers  extrorse 
Stamens  6,  anthers  introrse 
Three  outer  segments  of  perianth  her- 
baceous ...... 

Ovary  superior. 

Perianth  hexapetaloid.  Flowers  perfect. 
Perianth  conspicuous  .... 
Perianth  scale-like  .... 
Perianth  more  or  less  glumaceous,  or 
partly  coloured,  or  wanting. 

Flowers  perfect.  Perianth  6-parted, 
stamens  6 


Cyjperacece. 
Gr amine  ce. 

of  Class  X. 


Liliacece 
( Trilliacece ). 
Dioscoreacece. 

Aracece  (Aroidecc). 


Naiadacece 

(. Potamogetonece ). 

Alismcicece 

(Butomece). 

Alismacece 
( Alismece ). 
Naiadacece 
[Juncaginece). 


Orchidacece. 


Iriclacece. 

Amaryllidacece. 

Hydrochariclacecc. 

Liliacece. 

Aracece  ( Acorece ). 


•Tuncacecc. 
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Flowers  monoecious. 

Flowers  on  a spadix. 

Spadix  thick.  Spathe  absent 
Spathe  present 
Flowers  not  on  a spadix. 

Flowers  capitate.  Stamens  2 — 5 . 
Flowers  2 in  a spathe,  1 $ , 1 9 
Flowers  in  two  rows  on  one  side  of 
the  spathe,  enclosed  by  a fold  of  the 
leaf,  or  solitary  .... 
Floral  envelopes  imbricated,  bract-like. 
Leaves  with  entire  sheaths,  stems  solid 
Leaves  with  split  sheaths,  stems  hollow 


Typhaceie. 

Aracece  ( Aroidece ). 

'Eriocaulacea . 
Lemncicece. 


Naiadacece. 

Cyperacece. 

Graminecv. 
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Class  XI.— DICOTYLEDONES. 

The  classification  of  this  group  has  been  made  as  follows  by 
Bentham  and  Hooker. 

Sub-Class  I.— Monochlamyde;e. 

The  flowers  have  never  more  than  a single  whorl  of  perianth 
leaves,  which  may  be  sepaloid  or  petaloid.  Very  frequently 
there  is  no  perianth.  The  flowers  in  many  cases  are  either 
pistillate  or  staminate.  From  their  condition  in  these  respects 
the  sub-class  has  been  called  Incompletce,  or  Ajietalce. 

The  group  has  been  divided  by  Bentham  and  Hooker  into 
eight  series,  each  of  which  includes  only  a small  number  of  Natural 
Orders.  Unlike  the  series  of  the  other  sub-classes,  these  have 
not  been  divided  into  Cohorts. 

Another  method  of  classification  of  the  group  will  be  found 
on  page  25. 

Series  1. — Curvembryece. 

The  plants  of  this  division  possess  an  embryo,  which  is  in 
nearly  all  cases  curved,  eccentric,  lateral,  or  peripheral,  but  in  a 
few  instances  is  straight.  It  lies  as  a rule  in  a farinaceous 
endosperm.  The  flowers  have  usually  both  stamens  and  pistil, 
but  in  some  genera  are  diclinous  or  polygamous.  Petals  occur 
in  very  few  species ; the  stamens  are  generally  equal  in  number 
to  the  segments  of  the  perianth,  and  the  ovary  in  most  cases 
contains  a single  ovule  in  each  loculus  ; frequently  only  one 
loculus  is  present. 

Order  1.  Nyctaoinete. — The  plants  of  this  order  are  trees, 
shrubs,  or  herbs,  whose  stems  are  swollen  at  the  nodes  and  bear 
simple  exstipulate  leaves,  which  are  either  opposite  or  arranged 
spirally.  The  prominent  feature  of  them  all  is  the  perianth,  which 
is  single,  regular,  gamophyllous,  and  often  petaloid  ; its  lower  part 
in  most  cases  persists  after  flowering,  and  embraces  the  fruit 
as  a false  pericarp,  becoming  either  succulent  or  woody.  The 
stamens  vary  in  number  from  one  to  thirty  ; the  pistil  is  mono- 
carpellate,  and  contains  a single  ovule.  The  flowers  have  an 
involucre  or  epicalyx. 

These  plants  are  remarkable  for  the  presence,  of  a purgative 
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property  in  their  roots ; which  is  especially  the  case  with  those 
of  Mirabilis  Jala]) a and  M.  Jongiflora.  M.  dichotowia,  Marvel 
of  Peru,  is  commonly  known  by  the  name  of  the  Four-o’clock 
I lant,  from  opening  its  flowers  in  the  afternoon.  Bocrhciavia 
diffiisa  is  said  to  possess  expectorant  properties. 

Order  2.  Illecebraceas. — This  is  a small  order  which  is  now  by 
many  botanists  considered  only  a section  of  CaryophyUaceee,  and 
will  be  described  with  that  order,  of  which  it  forms  the  tribe 
Paron/ychece. 

OrdcrS.  Ciienopodiace.®. — These  are  nearly  all  herbaceous 
plants  which  show  considerable  affinity  to  the  CaryophyUaceee, 
but  except  in  the  genus  Salicornin  they  have  not  opposite  leaves. 
A considerable  number  of  the  species  arc  fleshy  or  succulent. 
The  stems  and  leaves  of  many  are  ‘ mealy,’  an  appearance  which 
is  due  to  the  character  of  the  hairs  which  they  bear.  A great 
many  others  are  glabrous.  The  flowers  arc  small,  and  are 
gathered  into  dense  panicles  which  are  without  bracteoles.  In 
some  cases  they  are  diclinous.  There  is  a single  whorl  of 
perianth  leaves,  which  are  sepaloid  ; a single  whorl  of  stamens, 
which  are  opposite  to  the  perianth  segments  ; and  a 2 — 5-carpel- 
late  unicellular  ovule  with  a single  ovule.  The  fruit  is  usually 
a utricle  or  nut. 

The  position  of  the  stamens  opposite  to  the  segments  of  the 
perianth  is  thought  by  many  botanists  to  be  duo  to  both  whorls 
being  essentially  spiral  in  their  arrangement.  The  turns  of  the 
spire  bring  the  members  opposite  to  each  other.  On  this  hypo- 
thesis, we  have  not  here  a suppression  of  a corolla. 

The  order  includes  the  following  tribes  : — 

1.  Chenopodicte,  with  a regular  5-parted  perianth,  and  both 
stamens  and  pistil  in  the  flowers.  All  the  genera  have  hypogynous 
flowers  except  Beta  (the  Beet). 

2.  Salsolecc,  with  fleshy,  almost  cylindrical  leaves. 

3.  Salicorniccc,  with  succulent  jointed  stems  and  inconspicuous 
opposite  leaves.  The  seeds  have  no  endosperm. 

4.  Atriplicea,  with  generally  diclinous  flowers. 

5.  Basellccc,  which  have  a climbing  habit.  The  flowers  have  two 
rows  of  coloured  sepals,  and  perigynous  stamens. 

Order  4.  Amarantaceas. — The  plants  of  this  order  are  very 
much  like  those  of  the  Chenopo diace ce,  and  resemble  also  certain 
of  the  C ary  op  hyllacece . The  chief  differences  between  them  and 
the  last  order  are  that  the  perianth  leaves  are  dry  and  mem- 
branous, and  the  flowers  have  two  large  bracteoles,  which  are  in 
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many  cases  coloured,  but  may  be  like  the  perianth.  All  these 
dry  leaves  are  persistent. 

Amarantus  spinosus  and  other  Indian  species  contain  a good 
deal  of  mucilage.  Achyranthes  aspera  is  reputed  to  be  also 
astringent  and  diuretic.  Ctoviphrcna  officinalis  and  Ct.  mao  occphala 
are  used  in  Brazil  in  intermittent  fevers,  diarrhoea,  and  some  othei 
diseases.  Some  of  the  species  have  bright-coloured  persistent  flowers, 
and  are  hence  cultivated  in  our  gardens,  as  Amarantus  cauclatus, 
Love-lies-bleeding ; Amarantus  hypochondriacus,  Prince’s-feathers  ; 
Celosia  cristata,  Cockscomb,  with  its  fasciated  inflorescence  ; and 
others. 

Order  5.  PhytolaccacejE.— This  order  includes  a number  of 
herbs  or  undershrubs  with  scattered  simple  exstipulate  leaves. 
The  flowers  have  a perianth  which  in  many  cases  is  petaloid, 
and  many  of  them  exhibit  two  whorls  of  stamens.  Sometimes 
only  one  whorl  is  present.  The  stamens  of  one  or  of  both  whorls 
undergo  chorisis  in  many  species,  so  that  there  maybe  ten,  fifteen, 
twenty,  or  twenty-five  stamens.  The  number  of  carpels  also 
varies  ; when  there  are  many  the  ovary  is  syncarpous  and 
many-eelled,  each  cell  bearing  a solitary  ovule.  The  styles  in 
these  cases  are  free.  The  fruit  varies,  being  in  some  cases  a 
berry,  in  others  a nut,  capsule,  or  schizocarp. 

Order  6.  Batidace.-e. — This  order  only  includes  one  plant,  Batis 
maritima,  a succulent  shrubby  species  found  in  the-West  Indies.  It 
has  opposite  leaves,  and  diclinous  flowers  arranged  in  catkins. 

Order  7.  Polygonace®. — The  plants  of  this  order  are  herbs 
or  rarely  shrubs.  They  have  alternate  leaves,  arranged  upon 
rounded  stems  with  swollen  nodes.  The  leaves  bear  stipules,  and 
have  further  a sheathing  base.  This  base  is  united  with  the 
stipules  to  form  a peculiar  sheathing  tubular  structure,  known 
as  an  ochrea.  The  flowers  are  usually  regular,  and  have  a 
perianth  of  from  five  to  six  segments,  which  in  some  flowers  is 
arranged  in  one  whorl,  and  in  others  in  two.  The  stamens  are 
in  some  cases  in  a single  whorl,  and  in  others  in  two  ; the 
number  is  very  variable,  but  generally  lies  between  five  and  nine. 
The  gynoecium  has  two  to  three  carpels,  and  is  1-cclled.  There 
is  a single  orthotropous  ovule,  borne  upon  the  summit  of  the 
thalamus,  which  protrudes  into  the  ovary,  and  is  surrounded 
by  the  walls  of  the  carpels.  The  growing  point  of  the  thalamus 
gives  rise  to  the  ovule,  which  is  therefore  axial,  much  as  it  is  in 
the  Yew  tree,  and  is  not  borne  upon  the  carpels.  The  styles  are 
free,  and  correspond  in  number  to  the  carpels.  The  fruit  is  a 
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triangular  nut,  which  is  more  or  less  enveloped  by  the  persistent 
perianth. 

The  flowers  of  this  order  are  remarkable  for  their  extreme  varia- 
bility, which  is  seen  especially  in  the  genus  Polygonum.  In  Pterostegia 
they  are  regular,  with  five  whorls  of  three  members  each;  Rlieum 


Fig.  994. 


Fig.  994.  Flower  of 
a species  of  Polygo- 
num.  Fig.  995. 

Pistil  of  a species 
of  Rnmex. 


Fig.  995. 


differs  in  having  the  external  staminal  whorl  doubled.  Rumex has  six 
stamens,  but  they  are  all  in  one  whorl,  which  corresponds  to  the  outer 
whorl  of  Rheum.  Polygonum  is  pentamorous,  but  the  number  of 
stamens  is  not  constant. 

These  plants  are  chiefly  remarkable  for  the  presence  of  acid, 
astringent,  or  purgative  properties.  The  acid  character  is  principally 
due  to  the  presence  of  salts  of  oxalic  acid.  The  fruits  and  roots  of 
several  species  are  more  or  less  nutritious. 


Series  2. — Multiovulatce  aquatic ai. 

The  plants  of  this  series  are  submerged  aquatic  herbs.  They 
have  a syncarpous  ovary,  with  numerous  ovules  in  each  loculus 
or  on  each  placenta. 

Order  1.  Podostemaceas. — The  order  comprises  a number 
of  aquatic  plants  of  very  varied  appearance,  which  super- 
ficially resemble  Mosses  or  Liverworts.  The  stem  is  in  some 
dorsiventral,  in  others  thalloid ; the  roots  develop  peculiar 
organs  of  attachment,  by  which  the  plants  are  anchored  to  rocks. 
The  flowers  are  very  minute,  and  are  enclosed  in  a spathaceous 
bract ; the  stamens  are  one  or  many,  liypogynous,  sometimes 
monadelphous.  The  ovary  is  superior,  1 — 3-celled.  The  seeds 
are  numerous,  exalbuminous,  and  have  a straight  embryo. 

Series  3.- — Multiovulatce  terrcslres. 

These  are  arborescent  plants  with  syncarpous  ovaries,  having 
numerous  ovules  in  each  loculus  or  on  each  placenta. 
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Order  1.  Nepenthace^e. — A small 
confined  to  tropical  Eastern  Asia. 
They  are  nearly  all  climbing  shrubs 
with  somewhat  amplexicaul  leaf-bases. 
The  leaves  are  modified  considerably  ; 
the  petiole  is  the  organ  by  which  the 
plant  climbs  ; it  is  winged  for  some 
distance  from  the  base,  and  then  be- 
comes a tendril,  and  ends  in  a pitcher 
furnished  with  a lid.  The  wall  of  the 
pitcher  contains  certain  glands  which 
secrete  a watery  liquid,  and  this,  under 
appropriate  conditions,  becomes  a true 
digestive  fluid,  containing  a proteolytic 
enzyme.  Flies  and  other  insects  are 
entrapped  into  the  pitcher,  drowned, 
and  digested,  the  products  being  ab- 
sorbed by  the  wall  of  the  pitcher.  Most 
of  the  plants  are  epiphytic  in  habit. 


order  of  plants  chiefly 
Fig.  996. 


Fig.  997.  Fig.  998 


Order  2.  Cvtixace.e. — A small  order  of 
parasites  which  have  no  chlorophyll. 
The  vegetative  body  is  extremely  reduced, 
there  being  no  leaves.  The  stem  produces 
either  a single  large  flower  or  a compact 
inflorescence  of  small  flowers.  The  vege- 
tative part  of  the  plants  is  often  entirely 
enclosed  in  the  tissues  of  the  host  plant, 
as  in  Rafflesia,  which  only  ruptures  the 
latter  in  order  to  produce  the  flower.  This 
therefore  appears  to  emerge  from  part  of 
the  host  plant,  usually  the  root.  The 
flowers  have  a campanulate  perianth  with 
frequently  succulent  leaves  ; the  stigmas 
and  anthers  occur  in  union  to  form  a cen- 
tral column  ; the  ovary  is  usually  1 -celled. 

The  most  conspicuous  member  of  the 
order  is  Rafflesia  Arnoldi , which  is  para- 
sitic on  the  roots  of  a species  of  Cissus 
in  Sumatra.  Its  flowers  are  three  feet  in 
diameter,  and  have  a very  fcetid  odour. 

Order  3.  Aristolochiace;E. — The 


/•%.  996.  Pitcher  of  Nepenthes. 

Fig.  997.  Vertical  section 

of  the  flower  of  ttie  common 
Birtinvort  (Aristolochia  Cle- 

matilis). Fig.  998.  The 

gyntecium  and  andrcecium  of 
the  same. tig.  999.  Trans- 

verse section  of  the  seed. 


plants  of  this  order  are  perennial  herbs 

or  climbing  shrubs,  with  alternate  simple  leaves.  The  perianth 
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is  composed  of  three  leaves  which  cohere  to  form  a tube,  at  the 
bottom  of  which  are  placed  the  stamens.  The  ovary  is  inferior, 
6-celled,  with  axilc  placentas.  In  Asarum  the  stamens  are  free  ; 
in  Aristolochia  they  arc  fused  with  the  styles  to  form  a column 
surmounting  the  ovary.  The  stigmas  thus  are  situated  above 
the  stamens  (Jig.  998). 

In  Asarum  there  are  three  scales  alternating  with  the  three 
lobes  of  the  perianth.  These  may  represent  a rudimentary 
corolla. 


Series  4. — Micrevibrycie. 

In  this  group  the  embryo  is  very  minute  ; the  ovary  may 
be  monocarpellary,  apocarpous,  or  syncarpous ; the  ovules  are 
generally  solitary  in  each  carpel,  rarely  two  or  more.  There  is 
a bulky  albumen  which  is  sometimes  perisperm  in  addition  to 
endosperm. 

Order  1.  Piperacks. — The  plants  of  this  order  are  herbs 
or  shrubs,  with  a jointed  stem  bearing  simple  leaves.  In  some 
cases  there  are  stipules  which  are  interpetiolar,  and  sometimes 
enclose  the  buds.  The  flowers  are  borne  in  spikes  upon  a 
swollen  axis  or  spadix,  or  in  racemes.  The  outer  flowers  have 
no  perianth.  The  stamens  are  in  two  whorls  of  three  each,  but  in 
some  cases  four  of  them  are  abortive.  The  pistil  is  tricarpellary, 
hut  sometimes  two  of  the  carpels  are  suppressed.  The  ovary 
is  1 -celled,  and  contains  a single  orthotropous  ovule.  The 
fruit  is  succulent,  and  both  endosperm  and  perisperm  are 
present  in  the  seed.  In  some  species  the  flowers  are  diclinous. 

The  plants  of  this  order  are  chiefly  remarkable  for  acrid,  pungent, 
aromatic,  and  stimulant  properties.  These  qualities  are  principally 
found  in  their  fruits,  and  are  essentially  due  to  the  presence  of  an 
acrid  volatile  oil  and  resin.  Some  are  narcotic,  and  others  are 
reputed  to  be  astringent  and  febrifugal. 

Order  2.  Chloranthace/e. — A small  tropical  order  of  plants  with 
opposite  leaves,  whose  stipules  are  united  at  their  bases.  The 
flowers  have  a rudimentary  perianth,  and  an  inferior  ovary  which 
forms  a succulent  fruit.  The  seeds  have  no  perisperm  ; the  endosperm 
is  fleshy. 

Order  3.  Myristicace/e.—  The  plants  of  this  small  order  are  trees 
with  alternate  exstipulate  dotted  leaves.  The  flowers  are  dioecious  ; 
the  perianth  is  3-lobed,  the  stamens  vary  in  number  from  three  to 
eighteen  and  are  monadelphous ; the  pistil  has  a single  carpel  and 
bears  a solitary  anatropous  ovule.  The  fruit  is  pear-shaped  and 
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dehisces  by  both  sutures.  The  seed  is  of  considerable  size  and  is 
invested  by  an  aril,  which  is  irregularly  branched.  The  endosperm  is 
ruminated. 

Myristica  vioschata  is  the  Nutmeg.  Its  aril  forms  the  spice 
called  mace. 

Order  4.  Monimiace.-e. — The  plants  of  this  order  are  tropical 
shrubs  with  opposite  leaves  and  diclinous  perigynous  flowers.  The 
anthers  of  some  of  them  open  by  recurved  valves.  The  pistillate 
flowers  usually  contain  rudiments  of  stamens. 


Series  5. — Daphnales. 

The  plants  of  this  group  are  in  most  cases  trees  or  shrubs, 
with  a sepaloid  perianth,  which  is  sometimes  2-seriate.  The 
stamens  are  perigynous;  isostemonous  or 
diplostemonous,  or  occasionally  fewer  than  Fig.  1000. 

the  perianth  leaves ; the  ovary  is  generally 
monocarpellary ; if  syncarpous  it  has 
two  to  four  loculi ; the  ovules  are  solitary, 
or  in  pairs  in  each  loculus. 

Order  1.  Laurace.e. — The  plants  of 

this  order  are  arborescent,  and  the  leaves 

in  most  cases  evergreen.  They  have 

usually  no  stipules,  and  are  simple  and 

entire.  In  many  cases  they  contain  reser-  / moo.  Vertical  section 

voirs  of  ethereal  oil.  The  inflorescence  is  °/  the  fe“a.1.e  f*ow®r  ot 

Lauras  nobilts,  the  Sweet 

a panicle.  The  flowers  are  small  and  Bay. 
regular ; the  receptacle  becomes  cup- 
shaped, and  carries  up  the  perianth  and  stamens,  so  that  the 
flower  is  perigynous.  The  flower  is  in  some  cases  trimerous, 
in  others  dimerous  or  tetramerous.  The  perianth,  though 
sepaloid,  is  in  two  series;  the  stamens  are  in  either  three  or  four 
whorls,  of  which  some  are  developed  as  staminodes.  The 
anthers  dehisce  by  upturned  valves.  Some  of  the  stamens 
bear  glandular  appendages.  The  pistil  is  tricarpellary,  and  the 
ovary  is  unilocular,  and  bears  a single  suspended  ovule.  The 
fruit  is  a berry  or  a drupe,  sometimes  partly  enclosed  in  a 
succulent  portion  of  the  receptacle.  The  seeds  are  exalbu- 
minous. 

The  position  of  this  order  has  been  much  debated.  Though  it  is 
generally  placed  here,  its  2-seriate  perianth  suggests  that  it  should 
not  be  included  among  the  Monochlamydere.  It  is  considered  by 
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some  botanists  to  be  allied  to  Menispennacea , while  others  consider 
its  affinities  to  be  rather  with  the  Polygonacece. 

Laurus  nobilis,  the  Sweet  Bay,  has  diclinous  flowers. 

Order  2.  Pro tk acute. — This  is  an  order  which  is  most 
abundantly  represented  in  Australia,  hut  is  present  also  in 
South  Africa  and  South  America.  The  plants  are  arborescent, 
and  bear  a number  of  evergreen  leaves  of  a more  or  less  dry, 
leathery  consistency.  Their  form  is  extremely  variable,  some- 
times both  simple  and  compound  leaves  occurring  on  the  same 
plant.  There  are  no  stipules.  The  flowers  are  arranged  in 
crowded  inflorescences,  and  sometimes  are  brilliantly  coloured. 
They  are  occasionally  diclinous.  Their  symmetry  is  tetramerous  ; 
the  perianth  lias  only  one  whorl,  and  there  is  only  a single 
whorl  of  stamens ; they  have  only  one  carpel.  They  are  zygo- 
morphic  in  some  species.  The  perianth  leaves  are  valvate  in 
{estivation,  and  may  be  free  or  slightly  coherent  at  their  bases. 
The  ovary  is  borne  upon  a short  gynopliore,  and  contains  several 
ovules.  The  fruit  is  in  some  cases  a follicle } in  others  a nut. 
The  seeds  arc  exalbuminous. 

These  plants  are  chiefly  remarkable  for  the  beauty  or  singularity 
of  their  flowers  and  their  evergreen  foliage.  The  fruits  and  seeds 
of  some  species  are  eaten  ; and  the  wood  is  largely  employed  at  the 
Cape  and  in  Australia  for  burning,  and  occasionally  for  other  pur- 
poses ; thus,  that  of  Protea  grandijlora  is  used  at  the  Cape  of  Good 
Hope  for  wagon-wheels,  hence  the  plant  is 
named  Wagenboom.  The  seeds  of  Macadamia 
temifolia,  a native  of  Queensland,  are  edible. 

Order  3.  Thymklacete. — The  plants  of 
this  order  are  usually  trees  or  shrubs,  with  a 
very  tough  bark.  The  leaves  are  entire, 
alternate,  and  exstipulate.  The  flowers  are 
most  frecpiently  perfect.  A receptacular 
tube,  which  is  usually  coloured,  bears  on  its 
edge  the  calyx  or  perianth,  which  consists 
of  four  or  five  imbricated  sepals.  Occa- 
sionally a number  of  small  scales  represent 
the  corolla.  The  stamens  vary  in  number, 
but  are  typically  in  two  whorls  isomerous 
with  the  calyx.  In  this  case  they  are 
situated  at  different  levels  {fig.  1001).  The  ovary  is  superior, 
1-celled,  with  solitary  pendulous  ovule.  The  fruit  is  usually 
a berry.  The  radicle  of  the  seed  points  upwards.  There  is 


Fig.  1001. 


Fin.  1001.  Vertical 
section  of  the  flow- 
er of  a species  of 
Daphne. 
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generally  no  endosperm,  though  occasionally  a very  small 
quantity  is  present. 

Daphne  Mezereon  and  D.  laureola  are  British  plants  occurring  in 
woods. 

Ordei'  4.  Penasace/e. — A small  order  of  evergreen  shrubs,  found 
only  at  the  Cape  of  Good  Hope.  They  are  closely  allied  to  Proteacece, 
but  differ  from  them  in  having  a 4-celled  ovary  which  becomes  a 
4-celled  fruit. 

Order  5.  Elaeagnace^e. — The  plants  of  this  small  order  are 
remarkable  for  the  silvery  or  scurfy  appearance  of  their  leaves, 
which  is  due  to  the  peculiar  peltate  hairs  with  which  they  are 
covered.  The  plants  are  trees  or  shrubs  ; the  leaves  are  entire 
and  exstipulate.  The  flowers  are  frequently  diclinous.  The 
stamens  are  in  some  species  in  two  whorls,  but  in  others  the  outer 
whorl  is  not  developed.  The  fruit  is  an  achene,  which  becomes 
surrounded  by  and  embedded  in  the  persistent  fleshy  receptacle. 
There  is  a single  ovule,  which  is  erect  with  the  radicle  inferior  or 
turned  downwards. 

Hippophaii  rhamnoides,  the  Sea  Buckthorn,  is  the  only  British 
representative  of  the  order. 

Series  6. — Aclilamydosporece. 

The  plants  of  this  division  have  a unilocular  ovary  with  one 
to  three  ovules,  which  are  most  frequently  without  integuments. 
The  seeds  contain  albumen,  but  have  no  testa. 

Order  1.  LoranthacejE.— The  plants  of  this  family  are 
partially  parasitic  upon  various  trees,  but  they  contain  chloro- 
phyll and  do  no  injury  to  their  hosts.  The  flowers  are  sometimes 
perfect,  sometimes  diclinous,  in  which  case  they  may  be  dioecious. 
The  perianth  consists  of  four  to  eight  leaves  ; the  stamens  are 
opposite  to  its  lobes  and  equal  to  them  in  number.  The  ovary 
is  inferior  and  1 -celled,  with  a central  placenta.  The  placenta 
bcomes  adherent  to  the  wall  of  the  ovary,  and  in  the  resulting 
fleshy  mass  from  one  to  six  embryo  sacs  are  developed,  only  one 
of  which  is  fertile.  Each  of  them  probably  represents  an  ovule, 
but  the  differentiation  is  incomplete.  There  are  no  integuments 
to  the  ovule.  The  fruit  is  a berry  and  contains  a single  seed. 

V is  cum  albumin  the  Mistletoe,  which  forms  conspicuous 
bunches  on  the  Apple,  Poplar,  &c.  It  is  probable  that  the  re- 
lation between  the  two  plants  is  one  of  symbiosis  rather  than  of 
parasitism. 
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Order  2.  Santalace.e. — The  plants  of  this  order  were  until 
recently  termed  root-parasites  from  the  fact  that  their  roots 
come  into  contact  with  the  roots  of  other  plants  growing  near 
them,  and  set  up  there  a peculiar  relationship.  On  the  root  at 
the  point  of  contact  a small  nodular  swelling  is  developed,  and 
from  this  certain  cellular  outgrowths  or  haustoria  penetrate  the 
root  of  the  host  plant  and  set  up  a very  close  fusion  of  the 
tissues.  It  is  probable  that  the  plants  are  of  mutual  assistance, 
and  the  relationship  is  accordingly  one  of  symbiosis.  Some 
of  the  plants  of  the  order  are  shrubs,  others  are  herbs.  The 
perianth  is  gamophyllous,  and  a stamen  stands  opposite  to  each 
segment.  The  ovary  is  inferior  and  1-celled,  but  consists  of 
three  carpels.  It  bears  a free  central  placenta,  in  which  are 
three  ovules  without  integuments.  The  fruit  is  a nut  or  a drupe, 
and  the  seeds,  which  have  no  testa,  contain  endosperm. 

Order  3.  Balanophoraceje. — These  plants  are  parasites  with 
amorphous  fungoid-looking  stems  without  leaves.  They  contain 
scarcely  a trace  of  chlorophyll  and  are  generally  yellow  in 
colour.  They  live  in  the  tissues  of  their  hosts,  only  emerging  at 
different  places  to  flower.  They  are  diclinous,  and  the  staminate 
flowers  are  the  largest ; they  possess  a 3 — 5-lobed  perianth  and 
from  one  to  five  stamens.  The  pistillate  flowers  are  very  minute, 
often  having  no  perianth.  The  ovary  is  inferior,  1-celled,  and 
contains  a solitary  pendulous  ovule,  which  is  without  integu- 
ment except  in  Cynomorvum. 

Series  7. — Unisexuales. 

The  plants  of  this  group  have  diclinous  or  unisexual  flowers. 
The  ovary  may  be  composed  of  one  carpel  or  may  be  syncarpous. 
The  ovules  arc  solitary  or  in  pairs  in  the  ovary  or  in  each 
loculus  of  it.  The  leaves  are  generally  stipulate  and  the  perianth 
is  often  absent.  If  present  it  is  sepaloid.  The  styles  are  equal 
in  number  to  the  carpels  and  arc  often  lobed. 

Order  1.  Euphorriace®.— The  plants  of  this  order  are  of 
very  varied  habit,  and  include  herbs,  shrubs,  and  trees.  Some 
of  them  are  extremely  like  various  species  of  Cactus,  having 
a swollen  fleshy  stem,  with  the  leaves  either  very  small  and 
deciduous  or  metamorphosed  into  spines.  In  most  of  them 
there  is  a complex  system  of  laticiferous  tubes,  which  may 
consist  of  single  branched  cells  or  ccenocytes,  or  may  be  due  to 
the  fusion  of  cells.  The  latex  is  very  frequently  milky  in 
appearance  and  is  always  -acrid.  The  inflorescence  is  very 
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varied.  The  tiowers  are  always  diclinous  and  frequently 
dioecious.  They  exhibit  all  possible  degrees  of  reduction.  In 
some  the  perianth  consists  of  both  calyx  and  corolla,  in  others 
there  is  no  corolla ; some  are  entirely  achlamydeous.  There  may 
be  only  a single  stamen,  as  in  Euphorbia, ; the  andrcecium  may 
be  isostemonous  or  diplostemonous  ; or  the  stamens  may  be 
very  numerous  owing  to  repeated  branching,  as  in  Ricinus. 
In  some  genera  the  staminate  indorescence  is  amentaceous. 
The  gyncecium  is  typically  tricarpellary,  but  there  may  be  only 
a single  carpel,  or  two,  or  many.  It  is  always  syncarpous,  it 
there  is  more  than  one  carpel,  and  the  ovary  then  contains  as 


Fig.  1002. 


Fig.  1003. 


Fig.  1002.  Monoecious  inflorescence  of  a species  of  Euphorbia,  i.  Involucre, 
a portion  of  which  has  been  removed  in  front.  <7,  g.  Glands  on  the 
divisions  of  the  involucre.  b,  b.  Scales  or  bractlets  at  the  base  of  the 
flowers,  fmj'm.  Staminate  flowers,  each  consisting  of  a stamen  supported 
on  a pedicel,  to  which  it  is  articulated,  ff.  Pistillate  flower,  supported  on 

a stalk.  From  Jussieu. Fig.  1003.  Vertical  section  of  the  pericarp  and 

seed  of  a carpel  ( coccus ) of  a species  of  Euphorbia. 


many  loculi  as  there  are  carpels.  In  each  loculus  there  are  one 
or  two  pendulous  ovules  whose  micropyles  are  in  most  cases 
turned  upwards  and  outwards.  The  seed  bears  a caruncle 
which  is  placed  above  the  micropyle.  The  fruit  is  a schizocarp, 
splitting  into-  its  separate  carpels,  which  form  cocci  and  are 
indehiscent  or  open  septicidally. 

The  best  known  British  genus  is  Euphorbia ; the  British  species 
are  usually  small  herbs  whose  indorescence  is  their  most  characteristic 
feature.  The  general  inflorescences  are  cyinose  umbels,  which  are 
composed  of  a number  of  partial  indorescences  known  as  cyathia. 
These  are  cup- shaped  structures  formed  of  a number  of  coherent  bracts 
in  the  interior  of  which  are  a number  of  staminate  dowers  surrounding 
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a central  pistillate  one.  The  involucre  formed  by  these  bracts  is 
in  some  of  the  exotic  species  brilliantly  coloured,  and  is  notched  or 
lobed.  Upon  its  edges  between  the  lobes  are  placed  some  half-moon- 
shaped glands  which  also  may  be  coloured.  The  staminate  flowers 
are  arranged  in  groups  of  five,  and  each  consists  of  a single  stamen 
which  is  mounted  on  a short  stalk  and  stands  in  the  axil  of  a bract. 
In  some  of  the  Australian  species  there  is  a rudimentary  perianth 
situated  at  the  junction  of  the  stamen  and  the  stalk.  When  the 
perianth  is  absent  the  point  of  junction  is  still  conspicuous.  The 
pistillate  flower  in  the  centre  is  seated  on  a stalk  which  grows  after 
the  flower  is  fertilised,  and  causes  the  fruit  to  protrude  over  the  edge 
of  the  involucre  and  to  hang  down  over  the  side.  It  has  three  carpels 
on  a short  gynophore,  and  in  the  British  genera  has  no  perianth,  but 
in  Euphorbia  palustris  the  latter  is  sometimes  present  in  a very 
rudimentary  condition.  In  E.  splendens  the  stalk  of  the  flower  is  of 
a different  colour  from  the  gynophore  on  which  the  ovary  is  seated. 
The  fruit  is  a schizocarp  consisting  of  three  cocci. 

It  is  this  genus  which  presents  the  greatest  variety  of  habit.  The 
British  species  include  annual  and  perennial  herbs,  the  stems,  of  the 
latter  being  suffruticose.  Shrubs  are  known  in  South  Europe,  but 
they  are  only  of  small  size.  It  is  mainly  in  Africa  that  the  abnormal 
forms  occur,  especially  those  which  resemble  the  Cacti  in  appear- 
ance. 

Another  common  British  genus  is  Mcrcurialis,  which  includes 
two  species  with  apetalous  flowers.  The  latter  are  diclinous,  the 
staminate  possessing  several  stamens,  and  the  pistillate  two  carpels. 

Bicinus,  the  Castor-oil  plant,  is  monoecious ; the  staminate 
flowers  have  five  perianth  leaves  and  numerous  stamens,  the  result 
of  branching.  The  pistillate  flower  has  three  carpels  with  bifid 
styles.  Phyllanthus  ( Xylophylla ) bears  phylloclades  on  which  the 
flowers  occur  along  the  edges  in  the  axils  of  small  bracts.  Ccelebogyne 
is  peculiar  in  producing  its  embryo  by  a species  of  budding  from  the 
external  surface  of  the  embryo  sac,  the  oosphere  not  being  fertilised. 
Anthostcma  has  a distinct  perianth  to  its  staminate  flower,  which, 
like  that  of  Euphorbia , consists  of  a single  stamen.  Buxus  has  the 
micropyle  of  the  seeds  turned  inwards.  Its  flowers  are  in  glomerules, 
with  a terfninal  pistillate  and  lateral  staminate  flowers.  There  is  no 
latex  in  the  tribe  Buxe.ce. 

Order  2.  Baeanopse/e. — This  is  a small  order  of  New  Caledonian 
plants  closely  allied  to  Euphorbiacece.  They  have  their  staminate 
inflorescence  amentaceous.  The  ovary  is  imperfectly  2-celled,  and 
contains  two  ovules  in  each  loculus.  The  radicle  is  inferior. 

Order  3.  Urtxcace^. — This  order  includes  plants  of  very 
different  external  habit  and  appearance.  The  majority  are  trees 
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or  shrubs  with  stipulate  leaves  on  long  stalks.  The  leaves  are 
generally  hairy  with  very  rough  and  in  some  cases  stinging 
hairs.  The  tissue  of  the  leaves  frequently  contains  cystoliths. 
The  inflorescence  is  varied ; cymose  clusters  arise  in  pairs  in 
many  cases  from  the  base  of  a dwarf  shoot  which  stands  in  the 
axil  of  a leaf.  In  other  cases  catkins  are  met  with.  The 
flowers  are  usually  diclinous ; the  perianth  is  always  sepaloid 
and  often  very  minute ; the  stamens  are  equal  in  number  to 
the  segments  of  the  perianth  and  opposite  to  them.  The  ovary  is 
composed  of  one  or  of  two  carpels,  and  is  usually  unilocular  with 
a single  ovule.  The  fruit  is  an  acliene  in  some  cases,  in  others 


Fig.  1004.  Staminate  flower  of  the  Small  Nettle  ( Urlicn  urens ).  c.  Calyx, 
e,  f,  e.  Stamens,  with  2-celled  anthers,  pr.  Rudimentary  ovary.— — Fig. 

1005.  Vertical  section  of  the  ovary  of  tire  pistillate  flower  of  the  same. 
Wall  of  the  ovary,  s.  Stigma,  o.  Ovule. 

a drupe ; in  others  the  true  fruits  are  aggregated  together  to 
form  a sorosis  or  a syconus.  The  seeds  are  albuminous. 

The  order  comprises  the  following  tribes,  which  by  many 
botanists  are  considered  separate  Natural  Orders. 

1.  Urticece. — Generally  these  are  herbaceous  plants  with 
simple  stipulate  leaves,  which  like  the  stems  are  often  covered 
with  stinging  hairs.  The  form  of  inflorescence  varies,  but 
frequently  is  a catkin.  Clusters  of  somewhat  irregular  composi- 
tion also  occur.  The  flowers  are  diclinous  ; the  staminate  ones 
have  four  stamens  which  in  some  species  are  arched  over  by  the 
perianth  segments  and  are  released  with  some  force  by  an 
elastic  recoil  of  the  filaments.  The  ovary  is  always  mono- 
carpellary  and  contains  a single  ortliotropous  ovule  which  is 
erect  (fig.  1005).  The  perianth  in  the  pistillate  flower  has  its 


Fig.  1004. 


Fig.  1005, 


e 
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two  internal  leaves  larger  than  the  others  and  the  fruit  is 
enclosed  by  them. 

Urtica  dioica  and  U.  urcns  are  the  common  Stinging-Nettles. 
Parietaria,  the  Pellitory,  has  no  stinging  hairs. 

2.  Moreen. — The  plants  of  this  tribe  are  almost  all  arborescent 
and  have  a milky  latex.  The  leaves  are  alternate.  The  flowers 
are  diclinous,  and  the  form  of  inflorescence  either  is  a catkin  or 
resembles  a capitulum.  The  ovary  is  formed  from  two  carpels, 


Fio.  1006. 


Fig.  100G.  Hypantbodinm  of  Die  Fig  (Ficut  Cnrim),  showing  pear-shaped 
fleshy  receptacle  hearing  flowers  on  its  inner  surface.  Pig.  1007.  Coen- 

aiiium  of  a species  of  Dorstniia. Fig.  1008.  Staminnte  flower  of  the 

Black  Mulberry  (Morns  nigra). Fig.  1009.  Vertical  section  of  the 

ovary  of  the  pistillate  flower  of  the  same. 


and  lias  one  ovule  in  each  loculus  if  there  are  more  than  one. 
The  ovules  are  pendulous  {fig.  1009) ; the  seed  is  albuminous. 

Morus , the  Mulberry,  has  a collective  or  aggregate  fruit.  The 
small  drupes  are  enveloped  in  a perianth  which  becomes  succulent, 
and  as  all  the  flowers  are  compressed  together  very  closely,  a sorosis 
is  formed.  Ficus  Carica  is  the  Fig.  The  so-called  fruit  is  a syconus, 
formed  of  the  concave  receptacle  or  axis  of  the  inflorescence,  on  which 
the  flowers  are  seated.  The  concavity  is  so  pronounced  as  to  form 
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an  urn-like  body  almost  closed  at  the  apex  by  its  involucral  bracts. 
Artocarpus  incisa  is  the  Bread-fruit  tree.  Its  fruit  is  a sorosis 
much  like  that  of  the  Mulberry ; the  perianths  and  ovaries  of  the 
whole  inflorescence  become  succulent,  as  does  the  axis  in  which  the 
flowers  are  borne.  Dorstenia  resembles  the  Fig,  but  the  receptacle 
becomes  flattened  with  irregular  upturned  edges  (fig.  1007).  The 
staminate  and  pistillate  flowers  are  sunk  in  this  flattened  expansion. 

3.  Cannabinea;.  — The  plants  of  this  tribe  are  annual  or 
perennial  herbs  with  a fragrant  odour.  They  have  no  milky  latex. 
The  staminate  flowers  are  arranged  in  cyrnose  inflorescences 
which  are  often  paniculate.  The  perianth  has  five  sepals  and 
there  are  five  stamens.  The  pistillate  flower  has  an  entire  cup- 
like perianth  which  surrounds  the  base  of  the  ovary.  The  seed 


Fig.  1011. 


Fig.  1010.  Branch  of  the  Bread-fruit  tree 
( Artocarpus  incisa ).  a,  c.  Heads  of  pis- 
tillate flowers.  b.  Head  of  staminate 

flowers. Fin.  1011.  Strobile  of  the 

Hop  (Hamulus  Lupulus). 


is  pendulous  and  curved ; the  embryo  is  also  curved  and  there  is 
no  endosperm. 

Humulus  Lupulus  is  the  Hop.  The  pistillate  flowers  are  arranged 
in  cone-like  inflorescences,  the  large  leafy  structures  of  which,  in 
whose  axils  the  flowers  arise,  are  really  the  stipules  of  the  Bracts, 
the  blades  of  which  are  suppressed.  The  flowers  are  borne  in  pairs 
on  each  side  of  a rudimentary  shoot  which  arises  in  the  axil  of  the 
bract.  Cannabis  saliva  is  the  Hemp  ; the  inflorescence  is  not  cone- 
hke.  The  shoot  which  is  rudimentary  in  the  Hop  is  developed  into 
a leaf-bearing  organ,  and  from  it  a single  pistillate  flower  arises  on 
each  side.  The  bracts  are  not  so  large  as  in  the  Hop. 
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Fig.  1012. 


4.  TJlmece.  This  tribe  includes  a number  of  trees  and  shrubs 
with  oblique  leaves  arranged  on  two  orthosticliies.  They 

have  stipules  when  young,  but  the 
latter  soon  fall  off.  The  plants  do 
not  contain  latex.  The  inflorescences 
are  clusters  or  glomerules  and  are 
borne  in  the  axils  of  the  ordinary 
leaves.  The  flowers  are  generally 
perfect  and  have  a uniseriate  gamo- 
phyllous  perianth  of  from  four  to  six 
segments.  The  stamens  are  equal  in 
, number  and  opposite  to  the  segments ; 
the  pistil  has  two  carpels,  but  the 
fruit  is  generally  1 -celled  and  contains 
a solitary  ovule. 

Ulmus,  the  Elm,  has  a samaroid  fruit ; 
the  branching  is  sympodial.  Ccltis  has 
polygamous  flowers,  and  a drupaceous 
fruit. 

Order  4.  Platanace.®. — This  order 
is  classed  among  the  Calycillorte  by 
many  botanists  on  account  of  its 
resemblances  to  some  of  the  Saxi- 
fragaccce.  It  includes  a number  of 
trees  with  large  lobed  leaves  and 
ochreate  stipules.  They  are  peculiar 
in  possessing  scale  baric  which  is  shed 
in  patches  or  large  scales  during  the 
early  part  of  the  year.  The  flowers 
arc  monoecious  and  are  collected  into 
crowded  globular  heads  resembling 
capitula,  which  are  pendant  in  slender 
axes  (fig.  1012).  The  perianth  is 
insignificant,  but  traces  of  both  calyx  and  corolla  can  be 
detected  ; the  staminate  flower  has  only  a few  stamens  ; the  pis- 
tillate one  has  four  free  carpels  with  one  pendulous  orthotropous 
ovule  in  each.  The  fruit  is  a caryopsis  or  nut,  but  from  the 
character  of  the  inflorescence  the  number  of  them  is  so  great 
and  they  are  so  closely  packed  together  that  they  become  a 
globular,  almost  woody,  sorosis. 


Fin.  1012.  Brum’ll  of  the  Plane 
tree  ( Flntnnui  orlenlalis), 
with  amentaceous  heads 
of  nchlatnydeous  female 
(lowers. 
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Order  5.  Leitnerace.e. — A small  order  occurring  only  in  Florida. 
The  flowers  are  diclinous,  and  there  is  no  perianth.  The  stamens 
are  numerous,  the  ovary  is  1-celled  and  contains  a solitary  ovule. 
The  seed  has  the  radicle  superior  and  contains  a scanty  amount  of 
endosperm. 

Order  6.  Juglandace.®. — The  plants  of  this  order  are  trees 
with  scattered  imparipinnate  leaves  without  stipules.  The 
flowers  are  monoecious  and  are  borne  in  catkins.  The  staminate 
flowers  have  indefinite  stamens  which  are  surrounded  by  a 2 — 4- 
leaved  perianth ; they  lie  in  the  axil  of  a bract  and  there  are 
two  bracteoles  slightly  above  the  latter.  The  bracts,  bracteoles, 


Fig.  1013. 


Fig.  1014. 


Fig.  1013.  Staminate  amentum 
of  the  Walnut  tree  ( Juglans 
regia)  : the  flowers  are  se- 
parated by  scaly  bracts. 

Fig.  1014.  Seed  of  the  Wal- 
nut tree. 


and  perianth  leaves  become  united  together.  The  catkins  of 
the  pistillate  flowers  are  terminal  and  few-flowered.  They  have 
a superior  4-leaved  perianth  surrounding  two  carpels.  The  bracts 
and  bracteoles  are  the  same  as  in  the  staminate  flower.  The  fruit 
is  known  as  a tryma  ; it  is  a modification  of  a drupe,  for  the  suc- 
culent portion  is  made  up  of  the  outer  layers  of  the  pericarp  fused 
with  the  bracteoles  and  bracts.  The  fruit  contains  a single 
orthotropous  ovule,  which  becomes  a lobed  exalbuminous  seed. 

Juglans,  the  Walnut,  has  the  loculus  of  the  stone  divided  inter- 
nally into  two  parts  by  a true  but  incomplete  partition,  formed  of  the 
inturned  edges  of  the  carpels.  Each  half  is  further  divided  by  several 
false  partition  walls,  which  project  -from  the  internal  surface  of  the 
stone.  The  seed  becomes  lobed  according  to  the  disposition  of  these 
septa. 
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Order  7.  Casuarinace®. — This  order  includes  a number  of 
Australian  and  East  Asian  trees  which  have  long  fine  apparently 
leafless  branches,  very  considerably  furrowed.  The  leaves  are 
really  present  but  take  the  form  of  toothed  sheaths,  resembling 
those  of  the  Horsetails.  The  branches  are  verticillate.  The 
flowers  are  diclinous  and  are  arranged  in  catkins  or  short  spikes. 
The  staminate  flowers  consist  of  a single  stamen  surrounded 
by  two  perianth  leaves,  below  which  are  two  bracteoles.  The 
pistillate  flowers  have  the  two  bracteoles,  but  are  otherwise  naked; 
the  ovary  is  1-celled  and  contains  two  orthotropous  ovules.  The 
bracteoles  of  the  several  flowers  of  an  inflorescence  become  woody, 
so  that  the  fruit  simulates  the  appearance  of  a small  Fir-cone. 

Cnsucirina  is  peculiar  in  certain  of  its  processes  of  reproduction. 
In  the  development  of  the  ovule,  two  original  arehesporial  cells  are 
formed,  and  these  divide  to  form  a mass  of  sporogenous  tissue  in- 
vested entirely  by  a tapetum.  Most  of  the  cells  of  this  tissue  may  be 
recognised  as  megaspores,  and  nearly  all  of  them  develop  their 
gametophytes.  The  latter  differ  from  the  normal  angiospermous 
gametophyte  in  not  producing  antipodal  cells.  The  divisions  of  the 
egg  apparatus  also  are  abnormal,  the  sister  cells  of  the  oosphere 
resembling  ventral  canal  cells  rather  than  synergidte.  The  number 
of  divisions  also  varies.  Many  of  the  megaspores  remain  altogether 
sterile,  some  of  them  elongating  in  the  direction  of  the  chalaza  of 
the  ovule.  Among  the  sterile  tissue  peculiar  tracheid-like  cells  occur. 
The  gametophyte  of  only  one  of  the  inegaspores  bears  an  oosphere 
which  becomes  fertilised.  The  pollen  tube  does  not  take  the  ordinary 
course  during  its  development.  Instead  of  entering  the  ovary  by  the 
style  it  makes  its  way  into  the  cavity  through  the  wall,  and  enters 
the  placenta,  whence  it  reaches  the  ovules  by  way  of  the  chalaza, 
burrowing  through  the  solid  tissue  of  the  nucellus.  It  passes 
towards  the  fertile  megaspore  through  one  of  the  sterile  ones.  The 
tube  itself  does  not  enter  the  megaspore,  but  extrudes  into  it  the 
male  gamete,  which  fuses  with  the  oosphere  from  below.  This  mode 
of  fertilisation  has  been  termed  chalazog antic. 

Order  8.  Myricace^s. — A small  order  of  trees  or  shrubs. 
The  flowers  are  diclinous,  often  dioecious,  and  are  borne  in 
catkins.  There  is  no  perianth,  but  there  are  bracteoles  under 
the  flowers.  The  staminate  flowers  have  from  four  to  sixteen 
stamens;  the  pistillate  flower  has  a bicarpellate  1-eclled  ovary, 
with  a single  orthotropous  ovule.  The  fruit  is  a false  drupe,  the 
bracteoles  fusing  with  the  pericarp,  and  all  but  the  inner  layer 
of  the  latter  becoming  succulent. 

Order  9.  Cupulifer®. — The  plants  of  this  order  also  are 
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trees  or  shrubs,  with  spiral  phyllotaxis,  the  leaves  being 
arranged  in  two  rows,  and  having  deciduous  stipules.  They 
have  small  diclinous  flowers,  which  are  usually  monoecious. 
The  perianth  is  either  absent  or  inconspicuous.  The  staminate 
flowers  are  arranged  in  catkins,  and  consist  of  a few  stamens  in 
the  axil  of  a bract.  When  a perianth  is  present  the  stamens 
are  opposite  to  its  segments.  The  pistillate  flowers  have  the 
perianth  superior  when  it  is  present.  These  flowers  are  in 
some  cases  arranged  in  catkins,  but  not  in  all.  They  are 
frequently  solitary,  and  are  then  surrounded  by  an  involucre  of 
a varying  number  of  bracts,  which  after  flowering  is  over  under- 
go a considerable  development,  and  sometimes  even  enclose 
the  fruit.  They  form  the  cupule,  which  gives  the  name  to  the 
order,  and  is  one  of  its  most  characteristic  features  except  in 
the  tribe  Betulece.  The  fruit  is  a nut.  It  is  developed  from  a 
2 — 3-locular  ovary,  which  has  one  or  two  pendulous  ovules  in 
each  cell.  Only  one  cell  and  usually  only  one  ovule  persist. 
The  seed  is  exalbuminous. 

By  Bentham  and  Hooker  the  order  is  divided  into  three 
tribes  or  sub-orders  as  under  : 

1.  Betulece. — The  flowers  are  monoecious,  and  both  stami- 
nate  and  pistillate  ones  are  arranged  in  catkins.  The  latter  are 
composed  of  several  dichasia,  which  are  placed  spirally  along 
the  axis.  There  is  sometimes  a perianth  to  the  staminate 
flower,  which  then  consists  of  four  coherent  leaves  enclosing 
four  stamens.  The  pistillate  flowers  are  naked ; the  ovary  has 
two  cells,  with  a single  pendulous  ovule  in  each.  There  are 
two  styles.  The  bracts  and  bracteoles  are  united  to  form  a 3-  or 
5-lobed  scale,  which  does  not  adhere  to  the  fruit.  The  latter 
has  no  cupule. 

Alnus  is  the  Alder ; in  most  species  it  shows  three  stages  of 
formation  of  the  flowers  and  fruit : young  catkins  developed  the  year 
before  they  flower ; older  ones  blooming  before  the  leaves  are  put  out ; 
and  dried  fruits  of  the  preceding  year.  The  5-lobed  scales  of  the 
pistillate  flower  are  woody  and  do  not  fall  off,  so  that  the  catkin  has 
the  appearance  of  a small  cone.  There  are  two  nuts  in  the  axil  of 
each  scale.  Betula  is  the  Birch  ; it  bears  its  staminate  catkins  in  the 
autumn,  and  the  pistillate  ones  in  the  spring.  The  staminate  flowers 
have  only  two  stamens.  The  3-lobed  cover  scales  of  the  pistillate 
flower  fall  off  ; each  has  3 winged  nuts  in  its  axil. 

2.  Corylccc. — The  flowers  are  monoecious.  The  staminate 
flowers  are  borne  in  cylindrical  catkins ; each  is  subtended  by 
a scale  or  bract.  There  is  no  perianth,  and  the  stamens  vary 
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from  four  to  eight  in  number.  The  pistillate  flowers  are 
arranged  in  dicliasia  grouped  together  into  short  catkins.  Each 
dichasium  consists  of  two  flowers,  and  is  subtended  by  a cover- 
scale  or  bract.  The  lower  scales  of  the  catkin  have  no  flowers 
in  their  axils.  The  flowers  have  a small  superior  perianth,  and 
a pistil  of  two  carpels  with  long  styles.  There  are  two  cells  in 
the  ovary,  each  of  which  contains  an  ovule.  In  the  develop- 
ment of  the  fruit,  which  is  a not,  only  one  loculus  and  a single 


Fro.  1015. 


Fio.  1016. 


/■'iij.  1015.  Staminate  catkin  of  the  Hazel  (Conjlus). Fig.  1 Ul 0.  Fruit 

of  the  Hazel,  with  a foliaceous  eupule  at  its  base. 


ovule  persist.  Each  nut  is  surrounded  by  a eupule,  which  is 
foliaceous,  and  composed  of  the  bract  and  bracteoles  belonging 
to  the  flower. 

Corylus  is  the  Hazel.  Its  staminate  flowers  Consist  of  four  forked 
stamens  situated  in  the  axil  of  a bract  which  bears  two  bracteoles. 
The  pistillate  catkin  resembles  in  appearance  an  ordinary  vegetative 
bud,  but  the  red  stigmas  of  the  flowers  protrude  from  its  apex.  The 
eupule  completely  invests  the  nut. 

Carpinus  is  the  Hornbeam.  There  are  four  to  ten  forked  stamens 
in  the  axil  of  the  bract.  The  eupule  is  3-lobed,  and  only  the 
extreme  base  of  it  surrounds  the  nut,  which  appears  as  if  placed  in 
the  axil  of  a 3-lobed  leaf. 

3.  Quercinece. — The  flowers  are  monoecious.  The  staminate 
flower  has  a 4 — 6-cleft  gamophyllous  perianth,  and  the 
stamens,  which  are  not  forked,  are  numerous.  The  pistillate 
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flowers  have  a superior  perianth,  which  consists  of  two  whorls 
of  three  leaves  each.  There  are  three  carpels,  each  with  its 
stigma  ; the  ovary  is  divided  into  three  cells  at  its  lower  part, 
and  each  cell  contains  two  ovules,  which  are  anatropous.  In 
the  fruit,  a nut,  all  are  suppressed  hut  one  cell  and  one  seed. 
The  nut  is  surrounded  at  its  base  by  a cupule,  formed  as  in  the 
Corylece  from  the  bracts  and  bracteoles.  The  cupule  may  com- 
pletely enclose  the  nut,  or  may  only  invest  its  base.  In  the 


Fig.  1018. 


Fig.  1020. 


Fig.  1017.  Stamiuate  flower  of  a species  of  Oak  (Quercus). Fig.  1018. 

Pistillate  flower  of  the  same. Fit 7.  1019.  Transverse  section  of  tlie 

pistillate  flower. /if/.- 102(1.  Fruit  of  the  Oak  (Quercus),  with  cupule 

at  its  base. 


former  case  it  divides  into  a number  of  valves  to  allow  the  fruit 
to  escape.  A cupule  may  surround  a single  flower  or  several. 

Quercus,  the  Oak,  has  long  pendulous  staruinate  catkins,  in  some 
species  very  sparsely  flowered.  The  cupule  is  cup-shaped,  and 
encloses  the  base  only  of  the  nut  or  acorn,  which  is  developed  from 
the  single  median  flower  of  five  originally  present  in  the  axil  of  the 
bract.  The  cupule  is  covered  externally  with  scales,  which  have 
been  interpreted  as  leaf  structures,  or  as  hairs. 

Fagus,  the  Beech,  has  pendulous  staminate  catkins,  each  consist- 
ing of  a fringed  perianth  with  six  to  twenty  stamens.  The  pistil- 
late catkins  are  erect  and  bear  two  flowers  only.  There  are  three 
carpels,  surmounted  by  a (Meaved  perianth.  The  cupule  surrounds 
the  two  flowers  and  completely  encloses  them. 

Castcmea,  the  Spanish  Chestnut,  has  one  form  of  catkin  only, 
which  usually  bears  staminate  flowers  at  the  apex  and  pistillate  ones 
at  the  base.  The  cupule  is  like  that  of  Fagus,  and  completely  encloses 
the  three  nuts.  Both  staminate  and  pistillate  flowers  have  a (5-leaved 
perianth,  and  the  latter  have  six  carpels,  of  which  only  one  develops. 

VOL.  11.  s 
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In  the  greater  part  of  this  order  the  ovules  and  to  a certain  ex- 
tent the  divisions  of  the  ovary  are  not  developed  till  after  pollination. 

Certain  of  the  genera,  viz.  Alnus,  Betula , Corylus,  and  Carpinus , 
resemble  Casuarina  in  showing  the  pollen  tube  reaching  the  oosphere 
by  way  of  the  chalaza  instead  of  the  micropyle. 


Fig.  1021.  Fig.  1022. 


The  British  plants  belonging  to  the  three  tribes  of  the 
Cupuliferae,  together  with  the  indigenous  members  of  the 
Myricacese  and  the  Salicineve,  have  been  grouped  together  by 
many  English  botanists  into  a single  large  order,  the  Amentiferce, 

the  characteristic  feature  of  which  is 
that  the  catkin  is  the  dominant  form 
of  inflorescence. 

By  Babington  the  order  is  sub- 
divided as  under: — 

Sub-order  1.  SaUcacece. — Carpels  su- 
perior ; ovary  1-celled,  many-seeded ; 
seeds  hairy. 

Sub-order  2.  Betulaceai. — Carpels  su- 
perior ; ovary  2-celled,  2-seeded ; 
seeds  not  hairy. 

Sub-order  8.  Myricaceee. — Carpels  su- 
perior ; ovary  1-celled,  drupaceous. 
Sub-order  4.  Cupuliferce. — Carpels  in- 
ferior ; ovary  2-  or  more  colled, 
invested  by  a oupule. 


Fig.  1021.  Stnminute  flower 
of  iv  species  of  Willow 
(Salix),  with  two  stamens 
and  a single  bract  at  their 
base. Fig  1022.  Pistil- 

late flower  of  the  same  with 
bract  at  the  base,  anil  a soli- 
tary stalked  ovary  and  style 
surmounted  by  two  stigmas. 


Series  8.  — Onlines  anomali. 


Order  1.  Salicineie.—  The  plants 
ol  this  order  are  trees  or  shrubs  with 
simple  alternate  leaves  with  stipules  which  are  sometimes 
deciduous.  The  flowers  arc  dioecious,  and  are  arranged 
in  catkins  which  fall  off  the  trees  intact.  The  staminate 
catkins,  which  are  pendulous,  consist  of  a large  number 
of  flowers  having  no  perianth.  There  are  several  stamens 
in  the  axil  of  a bract.  The  pistillate  flowers  are  arranged 
similarly  in  catkins,  but  the  latter  are  erect.  Each  flower  is 
subtended  by  a bract ; it  is  aelilamydeous,  and  consists  of 
a bicarpellate  ovary  containing  a number  of  ovules  arranged 
on  parietal  placentas.  The  seeds  bear  a tuft  of  hairs  at  their 
bases  ; they  are  exalbuminous.  There  is  a disc  or  nectary  in 
each  flower. 
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Salix,  the  Willow,  has  its  bracts  undivided ; there  are  only  two 
stamens.  Populus,  the  Poplar,  has  fimbriated  or  fringed  bracts  , the 
stamens  are  from  four  to  thirty  in  number.  There  is  a rudimentaiy 
perianth. 


Fig.  1024. 


Fiy.  1023.  Staminate  amentum  or  catkin  of  a species 
of  Willow  (Salix).  — FUj.  1024.  Pistillate  or  car- 
pellary  amentum  of  a species  of  Willow,  with  bracts 
between  the  liowers. 


Order  2.  Lacistemaceas. — A small  order  of  tropical  plants  con- 
fined to  America.  The  flowers  are  in  catkins  ; there  is  a perianth,  a 
single  stamen,  and  a superior  1 -celled  ovary  with  numerous  ovules. 
There  are  only  two  genera. 

Order  3.  Empetrace.e. — A small  order  which  is  held  by 
some  botanists  to  be  allied  to  the  Euphorbiacece.  The  flowers 
are  dioecious  ; the  staminate  flowers  have  six  perianth  leaves  in 
two  whorls,  and  three  stamens ; the  pistillate  ones  have  a similar 
perianth  and  an  ovary  divided  into  six  to  nine  loculi,  each  con- 
taining a solitary  erect  ovule.  The  fruit  is  drupaceous.  The 
plants  are  evergreen  shrubs  with  linear  wiry  leaves. 

Order  4.  Ceratophyllaceas. — A small  order  of  submerged 
acpiatic  plants  with  no  roots  but  with  whorls  of  very  finely 
divided  leaves.  The  flowers  are  minute,  monoecious,  and  axil- 
lary. There  are  six  to  twelve  perianth  leaves  enclosing,  in  the 
staminate  flower,  twelve  to  twenty  stamens  ; and  in  the  pistillate 
one  a single  carpel  which  contains  a pendulous,  orthotropous 
ovule.  The  fruit  is  a nut,  which  in  some  species  bears  on  each 
side  and  at  its  apex  a peculiar  prominence  or  horn,  from  which 
the  common  name  of  the  order,  ‘ Hornwort,’  is  derived. 

S 2 


Fig.  1023. 
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Artificial  Analysis  of  the  Orders  in  the  Sub-class. 

Monochlamydee  or  Incomplete. 

(Modified  from  Lindley.) 


1.  Achlamyd 

A.  Leaves  stipulate. 

a.  Flowers  unisexual. 

Ovary  1-celled. 

Ovules  numerous 
Ovules  1 — 2. 

Ovule  erect  . 

Ovule  pendulous  . 

Ovary  2-  or  more  celled. 

Soeds  few,  not  winged 

b.  Flowers  hermaphrodite. 
Carpel  solitary. 

Ovule  erect.  Embryo  witl 
perisperm  . 

Ovule  suspended.  Embryc 


ous  Flowers. 


. Salicacece. 

Myricacece. 

Platanacece. 

. Euphorbiaeece. 


endosperm  and 
. . . . Piperacece. 

with  ondosperm  Chloranthaceie. 


B.  Leaves  exstipulate. 
a.  Flowers  unisexual. 


Ovules  very  numerous . , , , 

Ovules  solitary  or  very  few. 

Flowers  naked. 

Ovary  1-celled  . . . . . 

Flowers  within  an  involucre. 

Anther-valves  slit. 

Embryo  on  the  outside  of  the  albumen 
Embryo  enclosed  in  the  albumen 

b.  Flowers  hermaphrodite. 

Embryo  with  endosperm  .... 
Embryo  without  endosperm 


Podostemacece. 


. Myricacece. 

. Monimiacece. 

. Euphorbiaeece. 

. Piperacece. 

. Podostemacece. 


2.  Monochlarnydeous  Flowers. 


A.  Ovary  inferior,  or  partially  so. 

a.  Leaves  stipulate. 

1.  Flowers  hermaphrodite  . 

2.  Flowers  unisexual 

b.  Leaves  exstipulate. 

1.  Flowers  hermaphrodite. 

Ovary  a— 6-celled.  Ovules  numerous  . 


. Aristolochiacece. 
i Cupuliferce 
1 (Corylcce). 


. Aristolochiacece. 
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Ovary  1-celled.  Ovules  definite. 

Ovules  with  a naked  nucellus.  Leaves  op- 
posite   

Ovules  with  a naked  nucellus.  Leaves 

alternate 

Ovules  with  integuments  . 

2.  Flowers  unisexual. 

Amentaceous  .....•• 

B.  Ovary  superior. 

a.  Leaves  stipulate. 

1.  Flowers  hermaphrodite. 

a.  Carpel  solitary. 

Stipules  ochreate  ...... 

b.  Carpels  more  than  1,  combined  . j 

2.  Flowers  unisexual. 

a.  Carpel  solitary. 

Embryo  straight. 

Sap  watery.  Stipules  small.  Seeds  , 
albuminous  . . . . f 

Embryo  hooked. 

Sap  watery.  Seeds  without  albumen  f 
Sap  milky.  Seeds  with  albumen  . •! 

b.  Carpels  more  than  1,  combined. 

Flowers  amentaceous. 

Seeds  arillate. 

Stamen  1 

Seeds  not  arillate 

Flowers  not  amentaceous 

b.  Leaves  exstipulate. 

1.  Flowers  hermaphrodite. 
a.  Carpel  solitary. 

Anther- valves  recurved . 

Anthers  slit. 

Leaves  covered  with  scales 
Leaves  not  so  covered. 

Calyx  long  or  tubular. 

Hardened  at  base 
Not  hardened  in  any  part. 

Stamens  in  the  points  of  the  sepals 
Stamens  not  in  the  points  of  the 
sepals  .... 


Loranthacece. 

Santalacece. 
Chenopoclia  cece . 


Juglandacece. 


Polygonacece. 

Urticacece 

(Ulwece). 


Urticacece 
( Urticece ). 

Urticacece 
(Cannabinece). 
Urticacece 
( Morece ). 


Lacistemacece. 

Cupidiferce 

Betulece). 

Euphorbiacece. 


Lauracece. 

Elceagnacece. 

Nyctagi  nacece. 


Proteacece. 
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Calyx  short,  not  tubular,  or  but 
slightly  so. 

Flowers  in  iiwolucels 
Flowers  not  in  involucels. 

Calyx  dry  and  coloured  . 

Calyx  herbaceous  or  succulent. 
Stamens  hypogynous  or  nearly 
so 

b.  Carpels  more  than  1,  either  distinct  or 
combined. 

Carpels  distinct 

Carpels  combined. 

Seeds  exalbuminous. 

Calyx  tubular. 

Ovary  4-celled 

Calyx  tubular,  or  imperfect  . 

Seeds  albuminous 

‘2.  Flowers  unisexual. 

a.  Carpels  solitary,  or  quite  distinct. 

Calyx  tubular. 

Anthers  opening  longitudinally 
Calyx  not  tubular. 

Seeds  exalbuminous.  Embryo  straight. 

Leaves  verticillate 

Leaves  minute,  verticillate  . 

Seeds  albuminous. 

Embryo  curled  round  the  albumen 
Embryo  straight 

b.  Carpels  more  than  1,  combined. 

Ovules  indefinite. 

Leaves  with  pitchers  . 

Ovules  definite. 

Fruit  fleshy.  Seeds  ascending 
Fruit  dry.  Seeds  suspended  . 


Polygonacece. 

Amarantacece. 

Glicnopodiacecp.. 

Phytolaccacece. 

Pcnceacece. 

Poclostemacece. 

Phytolaccacece. 


Myri sticacecc . 


Cera.tophyllacece. 

Casuarinacece. 

Chcnopodiacece. 

Moniviiacece. 


Nepentliacece. 

Evipctraeece. 

Euphorbiacece. 


Root  Parasites  (Rhizogens  of  Lincllcy). 

A.  0 vary  inferior.  Ovules  solitary  ....  Balanophoracece. 

B.  Ovary  superior.  Ovules  indefinite. 

Anthers  opening  longitudinally  ....  Gytinacea 

Monocli lam}' (Icons  or  Achlamydeous  flowers  also  occasion- 
ally, or  in  some  orders  always,  occur  in  plants  belonging  to 
the  following  orders  of  the  Sub-classes  Polypetahe  and  Gaino- 
petalae : — 

Sub-class  1.  Polypetalge: — 

Series  1.  Thalamiflorae  : — Banunculacece,  Menispermacece, 
Pap  aver  a ce  ai , B ixacea: , Caryopliyllacece , Paronychiece , Stercu- 
liacece,  Byttncriacece,  and  Tiliacece. 
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Series2.  Disci  Horse : — Malp  iglifa, cecc,  Ru  tacece , Chailletiacece, 
Gcraniacece,  Celastracece,  Rhamnar-ecc,  and  Anacardiacece. 

Sei'ies  3.  Calyciflorse : — Leguminosce,  Rosacea,  Lythraceas, 
Saxifragacece,  Cunoniaeecc,  Begoniacece,  Datiscacecc,  Mesembry- 
anthacece,  Passifloracea >,  My r tacece,  Onagracece , Samydacece, 
Haloragacece,  Combretacece,  Hamgmelidacece,  and  Araliacece. 
Sub-class  2.  Gamopetala; : — Oleacece  and  Primulacece. 


Synopsis  of  the  British  Natural  Orders  of 
Monochlamyclece. 

A.  Male  flowers  in  catkins. 

Flowers  dioecious. 

Male  and  female  flowers  in  catkins. 

Fruit  dry 

Fruit  drupaceous  ...... 

Flowers  monoecious. 

Flowers  all  in  catkins  .....  | 

Male  flowers  only  in  catkins  J 

B.  Flowers  not  in  catkins. 

Ovary  inferior.  Fruit  indehiscent. 

Stamens  4 — 5,  epipliyllous  .... 
Stamens  6 — 12,  epigynous  . . . . 

Ovary  1,  superior.  Perianth  sometimes  absent. 
Fruit  separating  into  several  carpels.  No 

perianth 

Fruit  not  separating  into  carpels. 

Leaves  stipulate. 

Stipules  ochreate 

Stipules  free  deciduous.  Ovary  1-celled. 
Perianth  4 — 5-parted . . . . . 

Perianth  of  female  flower  scale-like,  ( 
open  ......  f 

Stipules  free  deciduous.  Ovary  2-celled  j 

Leaves  exstipulate. 

Flowers  monoecious  or  dioecious. 

Fruit  fleshy.  Stamens  2 or  8.  Perianth 
scaly,  imbricated  .... 
Fruit  dry. 

Stamens  3 or  more.  Perianth  tubular 
Stamens  12—20.  Perianth  10—12-cleft 
Flowers  perfect  or  polygamous. 

Perianth  3— 5-cleft,  herbaceous.  Fruit 
a utricle  ..... 
Perianth  3-cleft,  scarious  . . . . 

Perianth  tubular.  Stamens  perigynous 


the  Sub-class 


Salicacece. 

Myricacece 

Cupuliferce 
( Betulece ). 
Cupuliferce 
(Quercinece). 


Santalacece. 

Aristolochiacece. 


Nuphorbiaceoe . 


Polygonaeece. 

TJrticacece. 
TJrticacece 
(Cannabinece). 
TJrticacece 
( Ulmece ). 


Empe.tr ac.cce. 

Elceagnacece. 

Ceratophyllacece. 


ChenopodiacecB. 

Aniciranthacece. 

Thymelacece. 
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Sub -Class 


r 


-Polypetal®. 


Flowers  with  both  calyx  and  corolla,  the  latter  consisting  of 
free  petals.  Both  stamens  and  pistil  usually  present. 


Series  1. — T halamiflorje. 

The  calyx  generally  consists  of  free  sepals ; the  petals  are 
often  more  numerous  than  the  sepals;  the  stamens  with  few 

Fig.  1028. 


Pig,  1025.  Diagram  of  the  flower  of  a species  of  Ranunculus. Fin.  1020. 

Diagram  of  flower  of  Aquilegia. Fig.  1027.  Vertical  section  of  the 

flower  of  Ranunculus  acris.  c.  Calyx,  pc.  Petnls.  e.  Stamens,  p.  Car- 
pels. Fig.  1028. A dilate  anther  of  a Banuueulaeeous  plant. 

Fig.  1029.  Numerous  follicles  of  Trollim  europceus. 


exceptions  are  hypogynous  ; the  pistil  may  be  either  syncarpous 
or  apocarpous. 

Bentham  and  Hooker  divide  the  Tlialamiflorse  into  six 
cohorts,  each  comprising  several  Natural  Orders. 

Cohort  1. — llanal.es . 

The  flowers  are  generally  either  acyclic  or  hemicyclic  ; the 
perianth  usually  consists  of  calyx  and  corolla ; the  stamens  are 
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most  frequently  indefinite,  and  the  pistil  generally  apocarpous. 
In  some  cases  there  is  only  one  carpel ; in  a few  others  there 
is  a syncarpous  ovary  with  several  loculi. 

Order  1.  Ranunculaceas.— The  plants  are  usually  herbs, 
with  frequently  an  acrid  juice.  The  leaves,  except  in  the  tribe 
Clematidce,  are  spirally  arranged,  and  are  exstipulate,  but  the 
leaf  base  is  often  sheathing.  They  are  simple,  but  often  some- 
what deeply  cut ; as  a rule  they  are  palmate,  but  are  pedate  in 
Hellehorus.  The  flowers,  as  a rule,  have  both  calyx  and 
corolla,  but  the  latter  is  wanting  in  the  genera  Caltha,  Ane- 
mone, Thalictrum,  and  Clematis ; in  these  cases  the  sepals  are 


Fig.  1033. 


Fig.  1030.  Vertical  section  of  the  seed  of  the  Monkshood  ( Aconitum ). 

.?//.  Coverings  of  the  seed.  emb.  Embryo,  alb.  Albumen. Fig.  1031. 

Vertical  section  of  a carpel  of  Hanunculus  acris.  o.  Ovary,  g.  Ovule. 

s.  Stigma. Fig.  1032.  Flower  of  Aconitum. Fig.  1033.  The  same 

with  the  calyx  removed,  showing  the  numerous  stamens  below,  and  two 
stalked  somewhat  horn-shaped  petals  above. 


usually  coloured.  In  Deljihinium,  Aconitum,  Hellehorus,  and 
Eranthis  the  calyx  also  is  pctaloid  and  the  petals  are  repre- 
sented as  nectaries  oTTlifferent  forms.  The  stamens  are 
Hypogynous,  and  indefinite  in  number  ; the  carpels  are 
generally  numerous,  and  free  or  apocarpous.  The  arrangement 
of  the  floral  leaves  is  sometimes  eucyclic,  as  in  Aquilegia  ; 
sometimes  hemicyclic,  the  two  whorls  of  the  perianth  showing 
their  leaves  regularly  alternating  with  each  other,  while  the 
stamens  and  carpels  are  arranged  spirally  along  a conical 
thalamus,  as  in  Hanunculus;  or  acyclic,  all  the  floral  leaves 
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being  placed  in  a spiral,  as  in  Helleborus.  When  this  is  the 
case  the  angular  divergence  of  the  sepals  is  § ; that  of  the 
petals  f , §,  or  2Rr ; and  that  of  the  stamens  and  carpels  a 
higher  fraction  of  the  same  series. 

The  flowers  of  this  order  show  a great  variety  in  the 
position  and  appearance  of  the  nectaries.  In  Ranunculus  these 
are  placed  at  the  base  of  the  petals,  and  are  covered  by  a 
minute  scale;  in  Helleborus  and  Eranihis  they  are  small 
tubular  bodies  occupying  the  positions  of  the  petals ; in 
' Aconitum  they  are  two  modified  petals  which  are  covered  over 
by  the  large  hooded  sepal ; in  Thalictrum  they  are  on  the 
stamens.  It  is  held  by  some  botanists  that  the  order  is  to  be 
regarded  as  without  a true  corolla,  the  so-called  petals  being 


1.  Clematiclece. — These  are  generally  shrubby  plants,  many  of 
which  climb  by  means  of  their  petioles.  The  plants  of  this  tribe 
differ  from  all  the  other  tribes  by  possessing  opposite  leaves  and  a 
valvatc  calyx.  The  petals  are  absent,  and  the  fruits  are  achenes. 
In  some  species  the  latter  bear  long  feathery  styles. 

2.  Anemoncce. — There  are  no  petals ; the  calyx  is  usually  coloured, 
and  there  is  often  a foliaceous  involucre  a little  below  the  flower. 
The  leaves  are  radical  or  alternate,  and  the  aestivation  is  imbricate. 
The  ovule  is  solitary  and  pendulous. 

8.  Ranunculecc.- — These  differ  from  the  Anemoneoe  in  having  both 
calyx  and  corolla,  and  in  the  solitary  ovule  being  ascending. 

In  Myosurus  there  are  only  five  stamens. 

4.  Hellcborece.— The  perianth  is  usually  composed  of  both  calyx 
and  corolla,  but  the  latter  is  sometimes  suppressed.  The  carpels  are 
generally  fewer  in  number  than  the  leaves  of  the  perianth.  The 


Fio.  1034. 


transformed  stamens,  as  are  also 
the  nectaries.  The  fruit  in  this 
order  is  usually  an  etserio  of 
achenes,  but  a cluster  of  follicle^ 
occurs  in  the  tribes  Hellcborece 
and  Pceonem.  In  A eta: a there  is 
a single  carpel,  which  becomes  a 
baccate  fruit.  In  Hydrastis  each 
carpel  becomes  fleshy  as  it  ripens. 
In  Nigella  the  pistil  is  syncarp- 
ous,  and  the  fruit  is  a thin-walled 
capsule,  containing  several  loculi. 
The  seeds  are  albuminous,  and 
the  embryo  is  minute. 


Fig.  1034.  Flower  of  Aguilcgia. 


The  order  is  divided  into  the 
following  tribes : — 
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fruit  is  composed  of  several  follicles,  except  in  Nigella,  where  it  is 
a capsule,  and  Acttva,  where  it  is  a berry.  There  are  two  divisions 
in  this  tribe,  one  of  which  has  regular  flowers,  as  Helleborus,  and  the 
other  irregular  zygomorphic  ones,  as  Aconitum  and  Delphinium. 

5.  Pceonea. — The  perianth  has  both  calyx  and  corolla  ; the  fruit 
consists  of  two  to  five  fleshy  or  leathery  follicles,  which  are  surrounded 
at  the  base  by  a conspicuous  disc. 

The  order  includes  30  genera  and  about  600  species.  It  is  wide- 
v spreaflTn  its  distribution,  but  is  scantily  represented  in  the  tropics, 
except  on  mountains. 

The  plants  of  this  order  generally  abound  in  an  acrid  principle, 
which  in  some  is  even  vesicant.  This  acridity  is,  however,  very  vola- 
tile, so  that  in  most  cases  it  is  dissipated  by  drying,  or  by  infusing 
them  in  boiling,  or  even  sometimes  in  cold  water ; it  varies  also  in 
different  parts  of  the  same  plant,  and  even  in  the  same  parts  at 
different  seasons.  Some  plants  contain  in  addition  a narcotic  prin- 
ciple ; and  when  these  principles  are  in  excess,  they  are  virulent 
poisons.  Generally  the  plants  of  this  order  are  to  be  regarded  with 
suspicion,  although  some  are  simply  bitter  and  tonic. 

Order  2.  Dileeniace;e. — The  plants  are  usually  trees  or  shrubs, 
sometimes  climbing.  They  differ  from  those  of  Panunculacece 
chiefly  in  having  persistent  sepals,  and  in  their  seeds  being  furnished 
with  an  aril.  The  stamens  are  sometimes  united  at  their  bases  into 
one  or  more  bundles. 

Order  3.  C a ltcanthac E/E . — The  plants  are  shrubs  with  opposite, 
entire,  exstipulate  leaves.  The  sepals  and  petals  are  arranged  in 
several  series,  and  the  sporophylls  are  acyclic.  The  flowers  differ 
from  all  others  in  the  cohort  by  having  perigynous  stamens.  The 
receptacle  or  thalamus  is  concave,  and  the  carpels  are  attached 
separately  to  the  sides  of  the  cup  which  it  forms. 

Order  4.  Maonoliace/e. — The  plants  are  trees  or  shrubs  with  thick 
leaves,  which  are  sometimes  stipulate.  The  stipules  in  this  case  are 
large  and  envelop  the  bud,  but  fall  off  as  the  latter  opens. 

The  perianth  usually  consists  of  one  whorl  of  (three)  sepals  and 
two  whorls  of  petals,  but  is  sometimes  pluriseriate.  The  sporophylls 
are  acyclic,  and  the  carpels  are  usually  arranged  spirally  on  a convex 
receptacle. 

The  order  includes  9 genera  and  70  species ; it  flourishes  in 
tropical  and  eastern  Asia  and  in  North  America  ; it  is  sparingly 
represented  in  tropical  and  extra-tropical  South  America,  and  in 
Australia  and  New  Zealand.  No  plants  of  the  order  occur  wild  in 
Europe  or  Africa.  Magnoliacero  are  distinguished  from  Dilleniacece 
by  the  absence  of  an  aril  from  the  seeds,  and  from  Anonacea:  by 
the  non-ruminated  albumen. 

0 Order  5.  Anonace/e.— The  plants  of  this  order  resemble  those  of 
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the  Magnoliacca,  but  differ  in  their  seeds  possessing  a ruminated 
endosperm.  The  carpels  are  generally  united  and  succulent,  forming 
a kind  of  compound  baccate  fruit  when  ripe. 

Order  6.  M knis  i>e  it  mace®  . —The  plants  of  this  order  are  chiefly 
twining  plants,  with  herbaceous  or  woody  stems.  They  are  usually 
dioecious.  The  calyx,  corolla,  and  androecium  have  generally  two 
whorls  each,  and  the  carpels  are  usually  three  in  number  and  are 
apocarpous.  The  fruit  is  drupaceous  and  the  seeds  are  generally 
albuminous,  the  endosperm  being  ruminated.  Sometimes  the  stamens 
are  monadelphous. 

Order  7.  Berberidace®. — The  plants  of  this  order  are  herbs 
or  shrubs,  sometimes  climbing  ( Lardizabalece ).  The  leaves 
are  often  spiny,  and  usually  have  no  stipules.  They  may  be 
simple  or  compound.  The  flowers  are  dimerous  or  trimerous, 


Fio.  1035. 


Fig.  103G. 


Fig.  1035.  Diagram  of  tlio  flower 

of  the  Barberry  ( Herberts ). 

Fig.  1030.  Vertical  section  of 

the  flower  of  Jipimedium. 

Fig.  1037.  Vertical  section  of 

the  ovary  of  Herberts. Fig. 

1038.  Vertical  section  of  the 
seed  of  Berberis,  with  the  em- 
bryo in  the  axis  surrounded  by 
albumen. 


and  have  regularly  alternating  whorls  of  free  sepals,  petals,  and 
stamens.  The  sepals  are  frequently  in  two  whorls,  but  some- 
times more.  There  are  two  whorls  of  petals,  with  a stamen 
opposite  each.  There  is  either  a solitary  carpel  crowned  by  a 
sessile  stigma  which  resembles  a flattened  disc,  or  there  are  three 
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carpels.  The  ovary  contains  several  such  ovules,  and  becomes 
a berry  in  fruit.  The  seeds  are  albuminous. 

The  order  comprises  the  two  tribes  Lardizabalcat,  with  uni- 
sexual flowers,  the  pistillate  one  having  three  carpels,  and  Berberece, 
in  which  the  carpel  is  solitary.  By  some  authors  the  Lardizabaleas 
are  included  in  the  Menispermacem. 

Berbcris  is  the  only  British  genus.  It  has  two  rows  of  sepals, 
petals,  and  stamens.  The  filaments  of  the  stamens  are  sensitive  to 
touch,  and  when  thus  stimulated  they  bend  suddenly  inwards  towards 
the  pistil.  The  anthers  dehisce  by  recurved  valves  (fig.  1037).  The 
flowers  are  in  racemes  and  are  borne  on  dwarf  branches.  In  Epi- 
medivm  the  fruit  is  a capsule. 

These  plants  are  found  in  the  temperate  parts  of  Europe,  America, 
and  Asia,  and  are  very  common  in  the  mountainous  parts  of  the 
North  of  India.  The  order  includes  20  genera  and  about  100  species. 

They  are  generally  acid,  astringent,  and  bitter  ; but  some  are 
purgative.  Their  acid  properties  are  due  to  the  presence  of  oxalic 
acid. 

Order  8.  Nymph^aoeje. — The  plants  of  this  order  are 
aquatic  in  habit,  having  generally  large  floating  entire  leaves. 
If  there  are  also  submerged  leaves  they  are  very  much  dissected. 

Fig.  1040. 


Fig.  1039.  Flower  of  Yellow  Water-lily  (Xuphar  lu/euin). Fig.  1010. 

Ovary  of  Xuphar  with  numerous  radiating  stigmas. Fig.  1041.  Vertical 

section  of  the  seed  of  Xymphoea  alba , showing  the  embryo  embedded  in 

endosperm,  outside  which  lies  a mass  of  perisperm. Fig.  1042.  Pistil 

of  XelumMurn.  that.  Thalamus,  carp.  Carpels. 

The  flowers  are  usually  acyclic,  the  petals  passing  gradually 
into  the  stamens.  The  arrangement  of  the  stamens  is  typically 
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liypogynous,  but  in  some  cases  they  are  all,  and  in  others  the 
inner  ones  only,  inserted  at  different  heights  on  a torus,  which 
encloses  the  carpels.  The  latter  vary  in  number,  usually  from 
three  to  eight  being  present,  and  are  either  united  into  asyncar- 
pous  ovary  or  are  embedded  singly  in  cavities  in  a large  receptacle 
which  is  raised  above  the  level  of  the  stamens  (fig.  1042).  The 
seeds  are  in  most  cases  albuminous,  containing  usually  both  peri- 
sperm  and  endosperm.  They  are  either  situated  on  the  sides  ol 
the  dissepiments  of  the  ovary,  or  are  pendulous  from  the  dorsal 
suture.  In  the  apocarpous  species  they  are  pendulous  from 
the  apex  of  the  carpel.  They  sometimes  have  an  aril. 

The  order  embraces  the  following  tribes  : — 

1.  CabombcLC.— These  plants  have  cyclic  flowers  and  both  sub- 
merged and  floating  leaves,  and  show  the  remarkable  peculiarity  of 
bearing  their  seeds  attached  to  the  dorsal  suture  of  the  carpels. 

2.  Nelumbonecc. — These  plants  have  apocarpous  pistils,  the  car- 
pels being  sunk  in  a large  receptacle,  in  shape  like  an  inverted,  cone 
(Jig.  1042).  The  seeds  are  peculiar  in  being  exalbuminous. 

3.  Nympheceai. — This  tribe  is  represented  by  the  White  and 
Yellow  Water-lilies.  Nymphaa  alba,  the  White  Water-lily,  has  four 


Fiq.  1043. 


green  sepals,  a great  number  of  white  petals  arranged  spirally,  and 
very  numerous  stamens.  There  is  a very  gradual  transition  hom 
the  former  to  the  latter,  the  blades  of  the  petals  becoming  narrower 
by  degrees,  and  anthers  being  developed  at  their  apices.  As  the 
anther  becomes  more  and  more  developed  the  blade  of  the  petal 
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becomes  continuously  narrower  till  it  is  recognisable  as  a staminal 
filament.  The  ovary  is  half  inferior.  Nuphar , the  Yellow  Water- 
lily,  has  five  sepals  and  about  thirteen  petals,  which  are  much 
smaller  than  those  of  Nymphcea,  but  are  arranged  similarly  in  a spiral 
with  the  stamens.  The  ovary  is  superior. 

The  plants  of  this  order  are  chiefly  found  in  quiet  waters  through- 
out the  whole  of  the  northern  hemisphere,  and  more  sparingly  in  the 
southern.  There  are  8 genera  and  35  species. 

This  order  is  distinguished  from  the  others  of  the  Ranales  by 
the  seeds  usually  containing  both  endosperm  and  perisperm.  The 
Nymphcece  approach  the  Papaveracece  in  their  placentation,  but 
differ  in  the  contents  of  the  seed,  and  in  their  habit.  The  character 
of  the  seeds  is  almost  the  only  distinction  between  Cabornba  and  the 
Ranunculaceie. 

These  plants  have  bitter  and  astringent  properties.  The  flowers 
are  said  to  be  narcotic. 

Cohort  2. — Pcvrietales. 

The  flowers  have  both  calyx  and  corolla ; the  sepals  and  petals 
are  free ; the  stamens  may  be  definite  or  indefinite ; the  pistil 
is  Syncarpous  ; the  ovary  has  nearly  always  parietal  placentae. 

Order  1.  Sabraceniace.*. — These  plants  are 
peculiar  in  having  their  leaves  modified  into 
carious  urn-shaped  bodies,  or  pitchers  (fig.  1044), 
which  contain  a quantity  of  watery  liquid. 

Insects  falling  or  crawling  into  these  are  drowned 
and  their  bodies  putrefy,  the  products  of  the 
decomposition  being  absorbed  by  the  tissue  of 
the  leaf.  The  leaves  are  arranged  in  a kind  of 
rosette,  from  the  centre  of  which  arise  the  flowers. 

The  latter  are  generally  actinomorphic,  and 
sometimes  have  no  petals.  The  stamens  are 
spirally  arranged,  and  generally  number  fifteen 
or  more;  the  ovary  is  unilocular  with  parietal 
placenta,  or  3-5 -chambered  with  placentas  axile. 

Order  2.  Pap  averages.— The  plants  of 
this  order  are  herbaceous,  and  contain  a milky 
or  coloured  latex.  The  flowers  are  gene- 
rally regular ; they  have  each  two  sepals, 
which  are  thrown  off  as  the  flower  opens  ; 
two  whorls  of  two  petals  each,  which  are 
crumbled  in  the  bud;  numerous  stamens  which  are  arranged 
in  several  whorls,  and  a syncarpous  pistil  composed  of  two  or  of 


Fig.  1044. 


/'%.  1U-14.  Pitcher  of 
Sarracenia. 
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many  caipels.  Th c fruit  is  a capsule,  which  dehisces  by  pores  or 
by  ' ss , it  is  unilocular,  and  the  seeds  are  attached  to  placentas 
which  project  inwards  from  the  lines  of  union  of  the  carpels. 
The  seeds  are  numerous,  and  contain  besides  a small  embryo 
a quantity  of  oily  endosperm. 


Papavcr,  the  Poppy,  has  a globose  capsule  crowned  by  a radiating 
stigma,  the  rays  of  which  are  above  the  placentas.  The  latter  grow 
out  towards  the  centre  of  the  capsule  and  nearly  meet  in  the  centre. 
Each  ray  of  the  stigma  is  formed  by  the  fusion  of  the  edges  of  two 
carpels.  The  capsule  opens  by  pores  which  are  found  under  the 
radiating  stigma  in  the  angles  between  the  rays.  Chelidoniuvi  has 
only  two  carpels,  which  form  an  elongated  capsule  which  dehisces  by 


Fig.  1045. 


Fig.  1046.  Fig.  1047. 


Fig.  1046.  Diagram  of  tlie  flower  of  the  Poppy,  with  two  sepals,  four 
crumpled  petals,  numerous  stamens,  and  a compound  1-celled  ovary 
with  several  parietal  placentas  projecting  into  its  interior  so  as  to 

nearly  divide  it  into  several  cells. Flu.  1040.  Flower  of  Celandine 

( C'lii'liilonium  Jiujjus ).  sti.  Two  .stigmas  on  the  apex  of  a lengthened 
or  pod-like  ovary.—  Fig.  1047.  Siliqurefonn  or  pod-sliaped  capsule 
( ceralium ) of  Celandine. 


two  valves  Unit  open  from  below  (fiy.  1047).  It  leaves  the  seeds 
attached  to  a kind  of  frame,  composed  of  the  edges  of  the  carpels 
and  the  placentas  which  are  developed  upon  them.  The  structure 
resembles  (he  siliqua  of  the  Gruciferce,  but  has  no  replum  or  partition 
between  the  placentas.  This  structure  is  found,  however,  in  Glau- 
evum,  the  Horned  Poppy,  a genus  which  presents  a transitional  form 
to  the  Crucifer®. 

The  genus  Hypccoum  presents  a similar  transition  to  the  Fuma- 
riacecc.  It  has  only  four  stamens. 

Nearly  two-thirds  of  the  plants  of  this  order  are  natives  of  Europe, 
and  are  mostly  annuals.  They  are  almost  unknown  in  tropical 
regions,  and  are  but  sparingly  distributed  out-  of  Europe  in  a wild 
condition.  The  order  includes  more  than  130  species. 
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The  plants  of  this  order  are  in  almost  all  cases  characterised  by  well- 
marked  narcotic  properties.  Some  are  acrid,  while  others  are  purga- 
tive. From  a medicinal  point  of  view,  Papaveraceat  must  be  regarded 
as  the  most  important  order  in  the  Vegetable  Kingdom  on  account 
of  its  yielding  Opium,  undoubtedly  the  most  valuable  drug  of  the 
Materia  Medica. 

Order  8.  Fumari.-yce/e. — -By  Bentham  and  Hooker  this  order 
is  included  in  the  Papaveracece.  It  differs  from  the  description 
given  of  the  latter  in  the  symmetry  of  the  flowers,  and  in  the 
absence  of  the  milky  or  coloured  latex.  The  flowers  are  generally 


Fig.  1048. 


Fig.  1049.  Fig.  1050. 


Fig.  1051 


Fig.  KM 8.  Diagram  of  the  flower  of  Corydali. * with  two  sepals, 
four  petals,  In  two  whorls,  six  stamens  in  two  bundles,  and 

a 1-celled  ovary  with  two  parietal  placentas. Fit].  1049. 

Vertical  section  of  the  flower  of  Hypecoum. Fig.  1050. 

Upper  or  posterior  petal  of  Corydalis,  spurred  at  the  base' 
and  a bundle  of  three  stamens. Fig.  1051.  Vertical  sec- 

tion of  the  seed  of  Fumaria. 


zygomorphic,  the  plane  of  symmetry  being  lateral  and  not 
antero-posterior.  The  flowers  have  two  sepals  which  are  caducous, 
two  whorls  of  two  petals,  which  alternate  regularly  with  the  sepals ; 
of  the  outer  whorl,  one  or  both  are  gibbous  at  the  base  or  pro- 
longed into  spurs  ( ficj . 1048).  The  stamens  are  grouped  into  two 
phalanges  or  bundles  of  three  each,  of  which  the  central  one  has 
a 4-celled  anther,  while  those  of  the  two  lateral  ones  are  only 
2-celled,  each  being  apparently  half  an  anther.  The  two  pha- 
langes of  stamens  are  opposite  to  the  outer  spurred  petal  or  petals. 
The  pistil  is  bicarpellate  and  develops  into  a fruit  like  that  of 
Chelidonium,  or  into  a nut  with  a partially  succulent  pericarp. 

Dicentra  has  both  outer  petals  spurred  ; Corydalis  and  Fumaria 
have  only  one. 
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Order  4.  Crucifer®. — The  plants  of  this  order  are  herbs, 
or  very  rarely  shrubby  plants.  The  leaves  are  simple,  alternate, 
and  exstipulate.  The  flowers  are  arranged  in  corymbs  without 
bracts  (fig.  1053),  and  are  regular,  but  zygomorpliic  in  more  than 
one  plane.  There  are  four  sepals  in  two  whorls,  of  which 
the  lateral,  which  are  the  most  internal,  are  gibbous  or  almost 
pouched  at  their  bases.  A single  whorl  of  four  clawed  petals 
alternates  with  the  two  whorls  of  sepals  taken  as  if  they  formed 
but  one  whorl  (fig.  1052).  They  are  said  to  be  placed  dia- 
gonally. They  arc  always  symmetrical  in  shape,  and  as  they 
are  arranged  they  give  the  corolla  the  appearance  of  a Maltese 
cross,  from  which  the  name  of  the  order  is  derived.  The 


Fig.  1052.  Diagram  of  a Cruciferous  flower. Fig.  1053.  Portion  of  the 

flowering  branch  of  the  Wallflower. 

stamens  are  six  innumber;  an  outer  whorl  of  two  placed  opposite 
to  the  gibbous  sepals,  and  an  inner  whorl  of  four  whose  filaments 
are  usually  rather  longer  than  those  of  the  outer  whorl.  These 
four  stamens  are  arranged  in  two  pairs,  each  pair  being  opposite 
to  one  of  the  outer  sepals.  This  arrangement  has  received  the 
name  of  tetradynamous.  There  are  two  carpels  which  are 
united  all  the  way  up.  At  each  line  of  union  there  is  a well- 
marked  placenta,  and  a false  dissepiment  or  partition,  which  is 
reallv  an  outgrowth  from  the  two  placentas,  divides  the  ovary 
into  two  loculi.  The  stigma  is  capitate  and  sessile.  The  ovules 
are  borne  upon  the  two  parietal  placentas  and  are  curved. 
The  corymb  of  the  inflorescence  becomes  a regular  raceme  as 
the  fruit  is  formed.  The  latter  is  generally  a siliqua  or  a silicula, 


Fio.  1052. 


Fio.  1053. 


DICOTYLEDONES— POLYPETALjE 


275 


dehiscing  by  two  valves  which  separate  from  the  false  dissepi- 
ment or  replum  from  their  bases  upwards,  leaving  the  seeds 
attached  to  the  latter.  The  silicula  may  be  compressed  either 
laterally  or  dorsally.  In  some  cases  the  fruit  is  a lom'entum. 


Fig.  1054. 


Fig.  1055. 


Fig.  1056. 


Fig.  1051.  Sporophylls  of  the  Wallflower  ( Clinianlhut  Cheiri).  r.  Tha- 
lamus. i/l.  Glands,  ec.  TetradynamouS  Stamens,  sli.  Stigmas. Hg.  1055. 

An  unripe  siliqua  of  the  Wallflower,  with  one  of  the  valves  removed  to 
show  the  replum  and  the  stalked  pendulous  seeds. Fig.  105G.  The  sili- 

cula of  Shepherd’s  Purse  ( Ca/tsHla  liurm-pailorU)  in  the  act  of  dehiscing, 

showing  the  stalked  pendulous  seeds. Fig.  1057.  Silicula  of  the  Scurvy- 

grass  ( CuchlrarUt  officinalis ) in  the  act  of  dehiscing. Hg.  105H.  The  em- 
bryo of  H uniat  orh-nlulit. Hg.  105'.).  The  embryo  of  the  Cabbage  plant 

(/Iratsica  oleracen).  1.  Undivided.  2.  Horizontal  section,  r.  Radicle 
c.  Cotyledons. 


The  seeds  are  generally  described  as  exalbuminous,  but  it  has 
been  stated  by  Guignard  that  a thin  layer  of  endosperm  generally 
persists. 

In  a few  genera  the  fruits  are  indehiscent,  and  in  some 
others  they  form  a kind  of  lomentum,  with  transverse  dissepi- 

T a 
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ments  between  the  seeds.  A few  exceptions  to  the  exstipulate 
character  of  the  leaves  are  known ; in  Gocldearia  there  are 
conspicuous  scales  occupying  the  position  of  the  stipules,  which 
are  represented  also  by  glands  on  the  very  young  leaves  of  a 
few  other  genera.  The  most  prominent  features  of  the  order 
are  the  cruciate  corolla  and  the  tetradynamous  stamens.  In  a 
few  genera  this  arrangement  is  apparently  departed  from,  but 
this  is  due  to  some  of  the  stamens  being  abortive.  Thus 
Senebicra  has  only  two  median  stamens,  while  Nasturtium 
and  Cay) sella,  have  four,  and  Megacarpea  has  numerous 
stamens.  Ibcris  and  Teesdalia  have  radiant  dowers,  and  Subu- 
laria  has  perigynous  stamens.  Some  dowers  of  the  order  are 
apetalous.  In  Totrapoma  there  are  four  carpels. 

The  order  has  been  divided  into  sub-orders  according  to  the 
nature  of  the  fruit,  and  also  according  to  the  mode  in  which  the 
embryo  is  folded.  The  latter  is  the  most  natural  arrangement. 

The  sub-orders  founded  on  the  nature  of  the  fruit  are  as 
follows  : — 

Sub-order  1.  Siliquosa. — Fruit  a siliqua,  opening  by  valves  longi- 
tudinally. Cheiranthus,  Linn. ; Brassica,  Linn. 

Sub-order  2.  Siliculosa;  latiseptcc . — Fruit  a silicula  opening  by  valves ; 

the  replum  in  its  broader  diameter.  Coclilearia,  Linn. 

Sub-order  3.  Siliculosa;  amgustiscptcc. — Fruit  a silicula  opening  by 
valves  ; the  replum  in  its  narrower  diameter.  Capsella,  Mccnch  ; 
Ibefisy  Linn. 

Sub-order  4.  NiicumcntacecB. — Fruit  an  indehiscent  silicula;  often 
1-cellcd,  owing  to  the  absence  of  the 'replum.  Isatis,  Linn. 
Sub-order  5.  Sepulata.  —The  valves  of  the  fruit  opening  longitudinally 
and  bearing  transverse  septa  in  their  interior.  There  are  no 
examples  among  British  plants. 

Sub-order  0.  Lomcntacccu. — Fruit  a siliqua  or  silicula,  dividing  trans- 
versely into  1-seeded  portions,  the  true  siliqua  sometimes  barren 
the  beak  placed  above  it  containing  one  or  two  seeds.  Cakile, 
Gaert. ; Raphanus,  Linn. 

This  is  essentially  the  same  as  the  arrangement  of  Bentham  and 
Hooker. 

The  sub-orders  founded  on  the  mode  in  which  the  embryo  is 
folded  are  as  follows  : — 

Sub-order  1.  PleurorhizecB  (O  =)•— Cotyledons  accumbent,  flat; 

radicle  lateral.  Cheiranthus,  Linn. ; Arabis,  Linn. 

Sub-order  2.  Notorhizecu  (O  II ).  — Cotyledons  incumbent,  flat ; radicle 
dorsal.  Hesperis,  Linn.  ; Isatis,  Linn. . 

Sub-order  3.  Orthoplocece  (O  ^>  )•  Cotyledons  conduplicate,  longi- 
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tudinally  folded  in  the  middle  ; radicle  dorsal,  within  the  fold. 
Brassica,  Linn. ; Baphanus,  Linn. 

Sub-order  4.  Spirolobecc  (O  II  II)- — Cotyledons  twice  folded,  linear, 
incumbent.  Bunias,  Linn.  There  are  no  examples  among 
British  plants. 

Sub-order  5.  Diplecolobea:  (O  II  II  li)-  Cotyledons  thrice  folded, 
linear,  incumbent.  Senebiera,  DC. ; Subularia,  Linn. 

The  plants  of  this  order  chiefly  inhabit  temperate  climates.  A 
large  number  are  also  found  in  the  frigid  zone,  and  a few  in  tropical 
regions,  chiefly  on  mountains.  The  order  includes  about  1,600 
species. 

This  order  is  generally  characterised  by  antiscorbutic  and  pun- 
gent properties,  frequently  combined  with  acridity  ; it  is  one  of  the 
most  natural  in  the  Vegetable  Kingdom,  and  does  not  include  a 


Fi'j.  1060-  Diagram  of  a Cruciferous  flower. -Fin.  1001.  Diagram  of  tlie 

flower  of  Corydatis,  with  two  sepals,  four  petals,  in  two  whorls,  six 
stamens  in  tw'o  bundles,  and  a 1-celled  ovary  with  two  parietal  placentas. 

single  poisonous  plant.  The  seeds  frequently  contain  a fixed  oil. 
Many  of  our  commonest  culinary  vegetables  are  derived  from  this 
order.  Brassica  oleracea  is  the  Cabbage  ; B.  Botrytis  has  connate 
fleshy  peduncles  and  abortive  flowers  ; its  varieties  form  the  Broccoli 
and  the  Cauliflower;  B.  gernmifera,  with  numerous  lateral  leaf-buds, 
is  known  as  Brussels  Sprouts.  The  Kohl-rabi  (B.  caulorapa)  has  a 
large  swelling  at  the  base  of  the  stem,  just  above  the  ground ; the 
Turnip  (B.  campestris  var.  Rapa)  has  a similarly  swollen  tap-root. 
Colza  and  Mustard  are  both  species  of  this  genus. 

The  flowers  of  the  Cruciferae  and  the  Fumariacete,  though  at  first 
sight  very  different,  have  much  in  common,  being  apparently 
arranged  upon  the  same  plan.  The  diagrams  of  typical  flowers  of 
the  two  orders  are  shown  in  fujs.  1060  and  1061.  In  loth  the 


Fig.  1060. 


Fig.  1061. 
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perianth  is  composed  of  three  whorls  ; in  Cruciferae  the  two  outer 
being  considered  sepals,  in  Fumariaceee  the  two  inner  being  regarded 
as  petals.  In  Cruciferae  the  inner  whorl  is  of  four  petals  placed 
diagonally;  in  Fumariaceae  of  two  petals  placed  antero-posteriorly. 
In  Cruciferae  the  stamens  are  tetradynamous ; in  Fumariaceae  they 
ixre  in  two  bundles,  each  comprising  three  anthers,  of  which  the 
middle  one  is  4-celled  and  the  outer  ones  each  2-celled. 

There  have  been  two  views  taken  of  the  structure  of  the  flower  in 
the  Ci  ucifeice,  which  represent  it  as  on  the  tetramerous  and  dimerous 
types  respectively. 

The  view  of  the  observers  who  adopted  the  first  theory  was  that 
the  floral  leaves  were  arranged  in  whorls  of  four.  The  stamens  they 
accounted  for  by  saying  there  were  originally  four  stamina]  pro- 
tuberances, of  which  the  anterior  and  posterior  ones  were  by  cliorisis 


Fig.  1002.  Floral  diagram  of  Tdtrapoma,  a Cruciferous  flower  witli  four 

carpels. Fig.  10(10.  Flower  of  a species  of  Streptantlius,  with  the 

floral  envelopes  removed,  showing  a branched  stamen  in  place  of  the  two 
anterior  stamens.  From  Gray. 

made  into  four.  The  ovary  being  bicarpellate  presented  a further 
difficulty ; but  they  quoted  as  the  typical  genus  of  the  order, 
Tetrapoma , the  diagram  of  whose  flower  is  shown  in  fig.  1062.  This 
view  was  based  on  the  researches  of  Payer,  as  published  in  his 
‘ Org,mog6nie  de  la  fleur.’ 

Other  observers  who  held  the  tetramerous  view  regarded  the 
stamens  differently.  They  considered  that  the  four  stamens  did  not 
arise  from  chorisis,  but  that  they  were  always  separate,  and  that 
there  were  originally  six  protuberances.  They  held  that  the  stamens 
were  in  two  whorls  of  four  each,  two  stamens  of  the  outer  whorl 
being  suppressed.  Against  this  view  must  be  urged  the  considera- 
tion that  the  inner  (longest)  stamens  are  not  properly  alternate  with 
those  of  the  outer  whorl  so  constructed,  being  nearer  the  longitudinal 


Fig.  1062. 


Fig.  1063. 
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axis  of  the  flower,  and  not  opposite  the  centres  of  the  petals.  More-, 
over,  each  of  these  two  pairs  of  stamens  is  occasionally  found 
represented  by  a single  filament  which  is  branched  near  its  apex  and 
bears  two  anthers  (Jig.  1063).  These  observers  also  considered  that 
the  ovary  of  Tetrapoma  was  the  true  type  of  the  order,  and  that  in 
all  other  genera  two  carpels  were  suppressed.  They  rejected  Payer’s 
views  as  to  the  cliorisis  of  the  inner  stamen^. 

The  floral  diagrams  of  the  two  views  of  the  tetramerous  type 
are  shown  in  figs.  1064  and  1065. 

The  dimerous  view  was  suggested  by  Eichler  in  the  course  of  his 
studies  on  the  Brazilian  flora.  He  found  that  there  were  only  four 
original  staminal  protuberances,  two  of  which  subsequently  divided. 


Fi</.  1064.  Diagram  of  a Cruciferous  flower  based  upon  the  theory  of 
tetramerous  symmetry  with  one  whorl  of  stamens,  the  anterior  and  the 
posterior  having  undergone  cliorisis. Fin.  1065.  Diagram  of  a Cruci- 

ferous flower  based  upon  the  theory  of  tetramerous  symmetry  with  two 
whorls  of  stamens,  the  anterior  and  posterior  ones  of  the  outer  whorl  being 

suppressed.  Their  supposed  places  are  indicated  by  dots. Fig.  1066. 

Diagram  of  a Cruciferous  flower  based  upon  the  theory  of  dimerous  sym- 
metry. 

He  also  observed  that  the  parts  of  the  flower  arose  in  a definite 
order : (1)  two  antero-posterior  sepals  ; (2)  two  inner  lateral  sepals  ; 
(3)  four  protuberances  for  the  petals  in  positions  alternating  with 
the  four  sepaline  protuberances  as  if  the  latter  had  formed  a single 
whorl ; (4)  two  lateral  prominences  for  the  outer  stamens  ; (5)  two 
antero-posterior  protuberances  afterwards  splitting,  which  formed 
the  antero-posterior  stamens,  which  are  never  opposite  to  the 
petals,  and  hence  do  not  fall  in  with  the  tetramerous  hypothesis, 
being  out  of  position.  He  therefore  proposed  two  as  the  type  of 
arrangement,  and  did  not  regard  Tetrapoma  as  showing  the  latter. 
On  this  view  we  have,  as  in  fig.  1066,  two  outer  sepals  antero-posterior, 
two  inner  sepals  lateral,  alternating  with  them,  four  petals  which 
are  equivalent  to  a whorl  of  two,  each  of  which  has  undergone  either 
chorisis  or  doubling,  and  which  were  placed  antero-posteriorly. 


Fig.  1064. 


Fig.  1065. 


Fig.  1066. 
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Then  two  outer  stamens,  alternating  with  these  two  hypothetical 
petals,  and  therefore  opposite  to  the  inner  sepals ; then  two  inner 
stamens,  opposite  to  the  outer  sepals,  and  themselves  doubled. 
They  alternate  with  the  outer  stamens.  Finally  two  carpels  alternate 
with  these.  Eichler  has  thus  settled  the  question  of  the  stamens, 
finding  as  he  has  done  that  two  protuberances  split  to  give  rise  to 
the  four  inner  stamens.  A common  monstrous  condition  of  the 
Cruciferous  flower,  especially  that  of  Gheirantlius  and  of  Street  an  thus, 
bears  out  this  view,  for  we  often  find  the  filaments  in  such  coherent 
for  a considerable  part  of  their  length  (fig.  1063).  In  Sencbiera, 
again,  the  long  stamens  are  only  two  in  number,  the  protuberance 
not  having  divided,  while  the  lateral  ones  are  altogether  abortive. 

Arguments  in  favour  of  Eichler’s  view  of  the  development  of  the 
petals  may  be  brought  forward  based  on  symmetry.  From  the 
mature  flower,  as  we  now  see  it,  we  could  gather  nothing  as  to 
whether  the  petals  that  have  undergone  chorisis  were  situated  antero- 
posteriorly  or  laterally.  In  the  latter  case  the  symmetry  of  the 
flower  would  be  opposed  to  the  regular  alternation  of  parts  which 
we  find  in  all  regular  flowers.  In  the  former  it  would  fall  in.  with  it 
exactly.  In  the  genus  Hypecoum,  of  the  allied  order  Papaveraccai 
(fig.  1067),  which  throws  light  on  the  question  of  the  development 
of  the  stamens  in  the  group  under  discussion,  we  find  the  two  leaves 
of  the  third  whorl  of  the  perianth  are  3-lobed,  and  are  situated 
antero-posteriorly.  If  the  middle  lobe  of  these  leaves  or  petals  were 
suppressed,  and  the  groove  between  the  outer  lobes  extended  to  the 
base,  we  should  have  four  petals  exactly  in  the  position  of  the  four 
petals  of  Cruciferro.  The  two  Natural  Orders  being  very  closely 
allied  in  other  structural  respects,  leaves  it  at  any  rate  possible  that 
the  petals  in  Crucifcro)  have  so  originated.  The  chorisis  of  the  two 
staminal  protuberances  shows  that  such  division  actually  takes  place 
in  the  flower. 

liefer  ring  to  the  diagram  of  the  typical  flower  of  Fumariacere 
(figs.  1048,  1068)  we  find  the  stamens  apparently  in  two  bundles, 
or  phalanges,  on  the  same  level,  each  being  made  up  oi  a complete 
central  anther  and  two  lateral  half-anthers.  Two  interpretations 
have  been  given  of  this.  The  first  is  due  to  De  Candolle  and  Lindley. 
It  assumes  that  the  stamens  were  originally  four  in  two  whorls,  as  is 
now  seen  in  the  genus  Hypecoum  (Jig.  1067) ; 'that  those  of  the  inner 
whorl  became  split,  and  through  displacement  the  halves  of  each 
became  forced  outwards  until  they  were  on  the  same  level  as  the 
outer  whorl ; that  the  two  halves,  each  bearing  a single  anther  lobe, 
became  coherent  with  the  stamens  of  the  outer  whorl,  and  conse- 
quently separated  as  widely  as  possible  from  each  other.  Thus  the 
appearance  of  the  stamens  in  Fumaria  comes  to  be  as  figured  in 
the  diagram  (fig.  1068).  On  this  theory  the  structure  of  Hypecoum 
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shows  the  type  of  the  order,  and  that  of  Fumaria  is  a modification 
of  it.  This  view  is  very  similar  to  the  theory  of  Payer  as  to  the 
stamens  in  Cruciferre,  and  agrees  with  the  observations  of  Eichlei  , 
for  if  we  stop  at  the  chorisis  of  the  stamen,  and  instead  of  supposing 
the  resulting  lobes  to  separate  from  each  other  and  unite  with  the 
lateral  stamens,  we  assume  that  each  half  becomes  of  the  form  and 
dimensions  of  the  original  one,  we  have  the  tetradynamous  structure 
of  fig.  1066.  The  second  theory  was  advanced  by  Eichler,  and  is 
nearly  the  opposite  of  the  first  as  regards  the  relation  of  Hypecoum 
to  Fumaria.  It  starts  with  noticing  that  in  Hypecoum  the  petals 
are  3-lobed,  the  central  lobe  being  much  the  largest.  So  in  Fumaria 
the  stamina!  bundle  may  be  taken  to  represent  a 3-lobed  leaf,  with 
the  central  lobe  largest.  He  therefore  suggested  that  the  3-lobed 

Fig.  1067.  Fig.  1068. 


Fig.  1067.  Floral  diagram  of  Hypecoum. Fig.  1068.  Floral  diagram  of 

Fumaria. 

leaf  is  the  type  of  the  floral  leaf,  and  that  this  type  is  preserved  in 
the  petals  of  Hypecoum  and  the  stamens  of  Fumaria.  It  resolves 
itself  thus  into  a question  of  branching  of  the  floral  protuberances, 
which,  as  we  shall  see,  is  not  at  all  uncommon  in  other  flowers. 
The  structure  of  the  andrcecium  in  Hypecoum  presents  a difficulty ; 
but  after  a study  of  the  distribution  of  the  vascular  bundles  of  the 
stamens,  there  being  two  such  bundles  in  the  stamens  which  are 
before  the  inner  petals,  Eichler  has  suggested  that  there  is  no  true 
inner  whorl  of  stamens  any  more  than  there  is  in  Fumaria,  and 
that  those  which  take  their  places  before  the  inner  petals  are  made 
up  of  the  single  lobes  chorised  from  the  lateral  stamens,  displaced 
and  coherent.  Thus  the  andrcecium  of  Hypecoum  is  derived  from 
the  type  of  that  of  Fumaria.  We  must  assume  that,  as  in  Cruciferte, 
there  should  be  two  whorls  of  stamens  in  Fumariacese,  as  the  carpels 
are  opposite  to  the  staminal  phalanges. 
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Order  5.  Capparidacete. — This  order  shows  a close  relation- 
ship with  the  Crucifer ce,  but  the  stamens  are  not  tetradynamous. 
There  are  typically  four  stamens,  which  are  in  some  cases  un- 
divided ; in  others  both  the  median  ones  are  divided  into  two 
each,  in  others  only  one  of  them,  and  in  others  again  all  four 

are  divided,  so  that  the  stamens 
become  indefinite.  The  pistil  is  bi- 
carpellary  and  syncarpous,  but  there 
is  no  replum,  and  the  ovary  is  uni- 
locular. More  than  two  carpels  may 
occur.  The  floral  axis  within  the 
sepals  is  peculiar  in  that  the  inter- 
node between  the  stamens  and  petals 
is  often  elongated,  as  is  that  between 
the  stamens  and  pistil,  so  that  the 
latter  appears  to  be  seated  on  a long 
stalk,  known  as  a gynophore.  The 
habit  of  the  plants  is  usually  arbores- 
cent or  shrubby. 

Order  0.  Cistaceje. — This  order 
comprises  a number  of  shrubs  or 
herbs  with  usually  regular  penta- 
merous  flowers,  arranged  in  scor- 
pion! cymes.  The  five  sepals  appear 
in  two  ranks  (Jig.  1070),  two  smaller  standing  outside  three  larger 
ones  ; the  petals  arc  very  fugacious ; the  stamens  are  numerous 

Pig.  1070. 


Fig.  106!). 


Fin.  loti!).  Flower  of  Gynan 1 
ilro/isis  • ( Capparidaceu:).  cal. 
Calyx,  cor.  Corolla.  thal. 
Gynopliore,  supporting  the 
stamens,  st,  ami  the  ovary,  ov. 


Fin.  1070.  Diagram  of  the  flower  of  a species  of  Uelianlhemum. — -Fin.  1071. 
Section  of  the  seed  of  a species  of  Cistus,  the  pointed  end  being  its  apex 


in  consequence  of  branching  or  multiplication.  The  pistil  is 
syncarpous,  and  the  placentation  is  in  some  cases  parietal  and 
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in  others  axile.  The  ovules  differ  from  those  of  most  of  the 
cohort  in  being  orthotropous.  The  seeds  are  albuminous  and 
the  embryo  is  curved  {fig.  1071).  The  order  is  much  like 
Papaveracece,  from  which  it  can  be  distinguished  by  the  sepals, 
which  are  five  in  number  and  not  caducous. 

Order  7.  RESEDACEiE. — The  plants  of  this  order  are  herbs 
or  small  shrubs  with  alternate  leaves,  each  with  small  gland- 
like stipules.  The  flowers  are  zygomorphie  owing  to  the 
development  of  the  posterior  side  of  the  floral  axis  bearing  the 
petals,  which  forms  a large  hj-pogjmous  disc.  The  petals  are 
much  divided  for  some  distance  down,  appearing  fringed.  The 
stamens  are  indefinite ; the  ovary  is  tricarpellary,  1 -celled 
with  parietal  placentas,  and  is  open  at  the  apex.  The  seeds  are 
usually  numerous,  and  are  reniform  and  exalbuminous.  The 
embryo  is  curved. 

Order  8.  Violace/e. — The  plants  of  this  order  show  a good 
deal  of  variety  in  habit.  The  British  forms  are  herbaceous, 
but  shrubs  and  lianes  occur  in  the  tropics.  The  leaves  are 
simple  and  bear  large  lobed  stipules.  Viola  is  the  only  British 


Fig.  1072.  Fig.  1073. 


Fin.  1072.  Flower  of  Viola,  cut  longitudinally,  a.  Stamen  bearing  nectari- 
ferous spur,  /»,  which  passes  backwards  into  the  spur  of  the  petal,  cs. 
c.  Petals.  I.  Sepals.  After  Sachs. Fig.  1073.  Floral  diagram  of  Viola. 


genus.  Its  flowers  are  usually  zygomorphie  {fig.  1072) ; the 
sepals  are  five,  and  are  prolonged  backwards  beyond  their  point  of 
insertion;  the  petals  are  five,  of  which  the  anterior  is  the  largest 
and  bears  a long  spur  into  which  honey  is  secreted  by  nectaries 
placed  on  two  long  spurs  carried  by  the  two  anterior  stamens. 
The  anthers  are  loosely  connected  together  and  form  a kind 
of  box  or  chamber  round  the  ovary  and  style.  They  are 
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curiously  crested,  the  filaments  being  prolonged  beyond  them. 
The  pistil  is  tricarpellary,  with  parietal  placentas  ; the  style  is 
club-like,  and  bears  the  stigma  in  a little  groove  or  chamber  on 
the  anterior  side  ; this  chamber  is  partially  protected  by  a kind 
of  valve  situated  immediately  below  it.  The  fruit  is  a capsule 
dehiscing  loculicidally,  so  that  three  valves  fall  backwards,  each 
with  a row  of  seeds  along  its  central  line. 

The  flower  is  pollinated  by  bees,  which  alight  on  the  large  petal 
and  insert  their  proboscides  into  its  spur.  Passing  the  anthers  and 
disturbing  them,  a shower  of  pollen  falls  upon  the  proboscis.  As  it 
is  withdrawn  the  pollen  is  prevented  by  the  valve  from  reaching  the 
stigma  within  its  chamber.  A proboscis  bearing  pollen  can  deposit 
the  latter  in  the  stigmatic  chamber  as  it  is  inserted  into  the  flower. 

Many  species  of  Viola  produce  also  cleistogamic  flowers,  which 
secure  the  production  of  seeds  in  the  absence  of  insect  visitors. 

The  tribe  Sauvagesiere,  which  was  formerly  held  to  be  a distinct 
order,  differs  from  the  type  described  in  having  staminodes,  which 
may  be  only  five  or  may  be  numerous.  The  anthers  are  not  crested, 
and  the  dehiscence  of  the  capsule  is  septicidal. 

Order  9.  Canellaceas. — A small  order  placed  by  some  authors  in 
Clusiacece,  from  which,  however,  it  can  be  distinguished  by  its 
alternate  leaves,  its  albuminous  seeds,  the  absence  of  a disc,  and  the 
presence  of  a style. 

Order  10.  Bixaceas. — This  order  is  closely  allied  to  the  Cistacece, 
from  which  it  differs  chiefly  by  having  anatropous  ovules.  The 
plants  are  arborescent  in  habit,  and  have  simple,  often  stipulate 
leaves,  which  in  some  cases  bear  oil  glands  or  reservoirs. 

Cohort  3. — Polygales. 

The  flowers  have  both  calyx  and  corolla;  the  stamens  are 
not  indefinite;  the  pistil  is  syncarpous,  and  the  ovary  is  usually 
2 — 3-cellcd  with  axile  placentation.  In  a few  cases  parietal 
placentation  occurs. 

Order  1.  Pittospokaceze.— This  is  a small  order  chiefly  of 
Australian  plants,  and  is  by  some  writers  held  to  be  closely  allied  to 
the  Saxifragacetc.  There  are  five  sepals,  five  petals,  and  five  stamens 
regularly  alternating  with  each  other,  and  two  to  five  carpels  which 
form  a syncarpous  ovary,  either  1-  or  2-celled.  The  fruit  of  some 
species  is  a capsule,  that  of  others  is  a berry. 

Order  2.  Polygalaceje. — The  plants  of  this  order  are  herbs 
or  shrubs,  usually  with  spirally  arranged  leaves  which  are  ex- 
stipulate.  The  tropical  forms  include  some  lianes.  The  flowers 
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are  borne  in  racemes  {fig.  1074)  or  spikes,  and  are  zygomorphic 
in  the  median  plane.  There  are  five  sepals,  of  which  the  two 
lateral  ones  are  very  conspicuous,  forming  a pair  of  petaloid 
‘ wings.’  There  are  generally  only  three  petals,  the  two  antero- 
lateral ones  being  suppressed.  Of  these  three,  the  anterior  is 
carinate  or  boat-shaped  and  frequently  fimbriated  or  crested. 


Fig.  1075. 


Fig.  1074. 


• Fig.  1070.  Fig.  1077. 


Fig.  1079. 


Fig.  1074.  A portion  of  the  stem  of  the  common 
Milkwort  ( Polygala  vulgaris),  with  simple  alter- 
nate exstipulate  leaves,  and  irregular  flowers. 

Fig.  1075.  Diagram  of  the  flower  of  the 

same. Fig.  1070.  Gyncecinm  of  the  same. 

or.  Ovary,  slijl.  Style,  stig.  Stigma. Fig. 

1077.  Fruit  with  one  cell  opened,  per.  Peri- 
carp. gr.  seed  r.  Oaruncula. Fig.  1078. 

Section  of  seed.  te.  Testa,  ar.  Caruncula.  at. 

Albumen,  pi.  Embryo. Fig.  1079.  Androe- 

cium  of  the  same,  with  1-celled  anthers 
dehiscing  at  their  apex 


Tnere  is  sometimes  a slight  union  of  the  petals  at  their  bases. 
Occasionally  all  five  petals  are  developed.  The  stamens  are  eight 
in  number,  two  being  suppressed  ; they  form  a tube  which  is 
open  on  the  posterior  side  and  which  is  slightly  adherent  to  the 
anterior  petal  or  keel.  The  staminal  tube  is  somewhat  cleft 
on  the  anterior  side,  forming  two  groups  of  anthers.  The  anthers 
open  by  pores  at  their  apices  {fig.  1079).  There  are  only  two 
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carpels,  which  form  a 2-celled  ovary,  each  cell  containing  a 
single  pendulous  ovule.  The  style  is  sometimes  hooded  at  the 
apex,  and  the  stigma  protrudes  laterally.  The  fruit  is  a locu- 
licidal  capsule,  or  in  some  species  a nut.  The  seeds  are  pendu- 
lous and  albuminous,  and  hear  a caruncle. 

Polygala , the  Milkwort,  is  the  only  English  genus. 

The  greater  part  of  the  plants  of  this  order  are  bitter  and  acrid, 
and  their  roots  milky ; hence  they  are  frequently  tonic,  stimulant, 
and  febrifugal.  Some  are  emetic,  purgative,  diuretic,  sudorific,  or 
expectorant.  The  roots  of  the  different  species  of  Krameria  are  very 
astringent  from  the  presence  of  tannic  acid  ; they  are  commonly 
known  under  the  name  of  Rhatany  roots.  A few  species  have  edible 
fruits,  and  others  abound  in  a saponaceous  principle. 

Order  3.  Tremandraceas. — This  is  a small  order  of  Australian 
plants,  which  only  differ  from  Polygalacctr  in  having  regular  dowers. 

Order  4.  Vochybiaceae.— A small  and  unimportant  order  of 
American  plants.  They  are  trees  or  shrubs,  in  most  cases  having 
opposite  leaves.  They  have  irregular  dowers,  usually  with  only  one 
stamen  ; there  may  be  one  to  four  staminodes. 


Cohort  4. — Can/ophyllales. 

The  Mowers  arc  usually  regular;  the  perianth  in  most  cases 
has  both  calyx  and  corolla.  The  pistil  is  ultimately  1-colled 
with  free-central  placentation.  Occasionally  parietal  placenta- 
tion  occurs,  but  this  is  rare.  The  seeds  sometimes  have 
perisperm. 

Order  1.  Caryophyllaciwe. — The  plants  of  this  order  are  all 
herbaceous.  They  have  stems  which  are  tumid  or  swollen  at  the 
nodes,  and  bear  opposite  entire  leaves  which  are  usually  exstipu- 
late.  If  stipules  occur  they  are  small  and  membranous.  The 
inlloresccnce  is  always  cymose,  and  frequently  takes  the  form 
of  a dichasium  whose  ultimate  branches  become  scorpioid. 
The  Mowers  are  regular,  and  for  the  most  part  contain  both 
stamens  and  carpels.  In  a few  species  they  are  dioecious. 
The  Mowers  are  pentamerous  or  tetramerous,  but  there  are 
usually  two  whorls  of  stamens,  in  which  case  they  are 
obdiplostemonous,  the  outer  whorl  of  stamens  being  opposite 
the  petals.  This  is  sometimes  not  easy  to  see,  the  stamens 
apparently  forming  a single  whorl.  The  petals  are  unguiculatc, 
and  the  claw  is  bent  at  a right  angle  to  the  limb.  In  a few 
species  the  Mowers  have  no  petals.  The  ovary  is  superior  and  syn- 
carpous,  and  may  consist  of  from  two  to  five  carpels.  The  stylos 
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are  free.  The  placentation  in  the  mature  flower  is  free  central ; 
there  are  often  traces  of  dissepiments  at  the  apex  of  the  ovary 
which  point  to  the  free-central  condition  as  the  result  of  abor- 
tion or  suppression  of  the  dissepiments  ot  an  originally  axile 
placentation.  The  fruit  is  in  some  cases  a nut,  but  more 
generally  a membranous  capsule,  which  opens  at  the  apex,  each 


Fig.  1080. 


Fig.  1081. 


Fig.  1082. 


Hi/.  1080.  Diagram  of  the  flower  of  a species  of  Dianthus. Fig.  1 OH  1 . 

Vertical  section  of  the  flower  of  the  same. Fig,  1U82.  Sporophylls  of  a 

species  of  titellaria.- Fig.  1083.  Capsule  of  a species  of  Dianthus,  dehiscing 

partially  in  a valvular  manner  so  as  to  form  four  teeth  at  the  apex. 

Fig.  1084.  Vertical  section  of  the  seed  of  duckweed  ( Stellaria  media). 


carpel  giving  rise  to  one  or  to  two  valves,  or  teeth.  The  seeds 
have  a curved  embryo  {fig.  1084). 

The  order  is  divided  into  the  following  tribes  : — 

1.  Alsineai. — The  sepals  are  distinct  and  opposite  to  the  stamens 
when  the  latter  are  isomerous  with  them.  The  petals  are  often 
deeply  cleft.  The  number  of  stamens  varies  a good  deal,  several 
often  being  abortive.  There  are  usually  no  stipules,  and  the  corolla 
is  sometimes  absent. 

2.  Sileneat.—  The  calyx  is  gamosepalous,  and  the  corolla  is  always 
present.  Each  petal  bears  a ligular  outgrowth  at  the  junction  of 
claw  and  limb.  The  stamens  are  occasionally  slightly  connate  with 
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each  other  at  their  bases  ; there  are  no  stipules.  The  internode  of 
the  floral  axis  between  the  calyx  and  corolla  is  sometimes  elongated, 
forming  a short  gynophore,  as  in  Lychnis.  Dioecious  forms  occur  in 
this  gioup  ( Lychnis  dioicci).  Cucubcilus  has  a berry-like  indehiscent 
fruit. 


3.  Polycarpcat.  In  this  group  the  leaves  have  scarious  stipules  ; 
the  sepals  are  free,  and  the  inner  whorl  of  stamens  is  suppressed. 

4.  Moling inece.— The  sepals 

io.  lObo.  are  sometimes  slightly  united  at 

their  bases ; the  outer  whorl  of 
stamens  is  not  always  present. 
There  are  no  stipules,  and  the 
leaves  are  often  fleshy.  Bentbam 
and  Hooker  include  this  tribe  in 
Mescmbryanthacccc. 

5.  ParonychiecB. — This  group 
was  formerly  held  to  be  a dis- 
tinct Natural  Order  with  affini- 
ties with  the  Chcnopodiacea:. 
By  some  authors  it  is  placed 
among  the  Calycifiorra,  as  the 
flower  is  somewhat  perigynous. 
It  seems  to  form  a link  between 
the  Curvembryeto  and  the  Caryo- 
phyllales.  It  consists  of  small 
greenish  plants  with  generally 
opposite  leaves,  and  in  some 
cases  with  membranous  stipules. 
The  corolla  is  seldom  present. 
The  number  of  stamens  varies, 

the  inner  whorl  sometimes  being  suppressed.  Bentbam  and  Hooker 
place  this  group  among  the  Monochlamydete  under  the  name 
Illeccbracccc. 


/•'if/.  10H5.  Diclmsial  cyme  or  iliclmsium 
of  Cerastium.  a,  a",  a'",  a"",  the  suc- 
cessive axes.  I).  Bracts. 


Order  2.  Fiunkeniace®.— This  is  a small  order  of  herbs  or 
shrubs,  allied  to  the  Ca/ryophyllacece  by  their  nodose  stems  and  oppo- 
site exstipulate  leaves.  They  are  often  placed  near  the  Violacece,  as 
they  have  parietal  placentation.  They  chiefly  occur  in  the  Mediter- 
ranean region. 

Order  3.  Tamaricack/k. — These  are  shrubby  plants  with  small 
wliip-like  branches  bearing  small  sessile  leaves^adpressed  to  them. 
The  flowers  are  usuallypentamerous,  the  stamens  being  either  five  or 
ten.  The  pistil  has  three  carpels,  and  the  ovary  is  1-celled  with 
parietal  placentas.  The  seeds  are  woolly. 

Order  4.  Poutulacace/e. — The  plants  of  this  order,  like  the  tribe 
Paronychieee,  show  considerable  affinities  with  the  Chcnopodiacea:. 
They  are  succulent  herbs  or  shrubs  with  entire  exstipulate  leaves. 


There  are  usually  two  connate  sepals  enclosing  five  petals  ; the  stamens 
vary  in  number,  but  are  generally  five,  and  are  then  opposite  the  petals. 
Some  species  have  a second  whorl,  and  in  some,  branching  (or  di- 
doublement)  of  the  stamens  occurs.  The  pistil  is  usually  composed  of 
three  carpels,  which  unite  to  form  a 1-celled  ovary  with  a free-central 
placenta. 

These  plants  are  natives  of  waste  dry  places  in  various  parts  of 
the  world,  but  chiefly  at  the  Cape  of  Good  Hope  and  in  South 
America.  There  are  about  190  species. 

The  fleshy  root  of  Claytonia  tuberosa  is  edible.  Portulaca  oleracea 
has  been  used  from  the  earliest  times  as  a pot-herb,  and  in  salads. 
It  possesses  cooling  and  antiscorbutic  properties.  Many  of  the  plants 
have  large  showy  flowers. 

Cohort  5. — Guttiferales. 

The  flowers  are  generally  actinomorphic  and  eucyclic  ; the 
calyx  is  usually  polysepalous,  the  stamens  generally  numerous  ; 
the  pistil  is  syncarpous;  the  ovary  may  be  1-celled  or  many- 
celled ; the  placentation  is  usually  axile,  and  the  seeds  are 
without  albumen. 

Order  1.  Eiatinace/e.  These  are  small  aquatic  plants  with 
hollow  creeping  stems,  and  opposite  or  whorled  leaves  with  interpetio- 
lar  membranous  stipules.  The  flowers  are  small,  and  are  solitary  in 
the  axils  of  ordinary  foliage  leaves.  They  are  3 — 5-merous  and 
diplostemonous.  The  fruit  is  a capsule  with  axile  placentation. 

Order  2.  Hypericace.®. — The  plants  of  this  order  are  herbs, 


Fig.  1086.  Diagram  of  the  flower  of  a species  of  St.  John's  Wort  ( Hyperi- 
cum).  Fig.  1087.  Vertical  section  of  the  flower  of  the  same. 

Fig.  1088.  Vertical  section  of  the  seed. 

shrubs,  or  trees,  with  simple  entire  leaves,  either  opposite  or 
whorled.  The  leaves  have  no  stipules.  The  inflorescence  is 
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Fin.  1089. 


stamens  of  a 
Hypericum. 


species  of 


cymose.  The  sepals  and  petals  are  five  each,  the  latter 
usually  bright  yellow  in  colour ; the  stamens  are  numerous,  but 
arise  from  either  three  or  five  original  protuberances  {figs.  108(5. 
1087, 1089).  They  are  spoken  of  as  triadelphous  or  pentadelphous. 

Each  bundle  is  due  to  branching  of  one 
original  stamina!  outgrowth.  When  tho 
bundles  are  equal  in  number  to  the  petals, 
they  arise  opposite  to  them.  Frequently 
a whorl  of  staminodes  occurs  between  the 
petals  and  the  stamens,  alternating  with 
them.  The  pistil  consists  of  three  or  five 
carpels,  syncarpous  with  axilo  or  parietal 
placentation.  Tho  fruit  is  a capsule  or  a 
berry.  The  staminal  bundles  do  not 
always  correspond  in  number  with  the 
carpels. 

The  order  is  characterised  also  by  the 
presence  of  oil  or  resin  channels  or  pas- 
sages in  the  stems,  and  in  the  tissues  of 
the  ovaries.  There  are  numerous  globular  reservoirs  of  etherial 
oil  scattered  in  tho  substance  of  the  leaves,  which  have  the 
appearance  of  pellucid  dots  when  viewed  by  transmitted  light. 
Numerous  black  or  dark  purple  glands  are  also  present  upon 
the  leaves  and  petals.  Their  function  is  unknown. 

The  plants  are  generally  distributed  over  the  globe,  inhabit- 
ing both  temperate  and  hot  regions,  and  almost  all  varieties  of 

soil.  There  are  about  280 
species. 

These  plants  abound 

usually  in  a resinous  yellow 
juice,  which  is  frequently 
purgative,  as  in  Viam/ia 

f/uianensia  and  V.  micrantha. 
Other  plants  of  the  order, 
as  Hypericum  perforatum 
and  H.  Androacernum , have 
tonic  and  astringent  proper- 
ties, and  Cratoxylon  Horn- 
schuchii  is  slightly  astringent 
and  diuretic. 

Order  3. — Guttifeius  or 
Ceosiacete. — This  is  a small  order  closely  allied  to  the  last,  but  often 
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having  diclinous  flowers.  Like  the  Hypericacese,  they  yield  a resinous 
secretion. 

They  are  exclusively  tropical,  and  occur  especially  in  moist  situa- 
tions. The  larger  proportion  are  natives  of  South  America,  but  a few 
are  found  in  Madagascar  and  the  African  continent. 

Order  4.  T ernstrcemiace .e . —The  plants  of  this  order  bear  flowers 
which  are  singular  in  that  the  bracteoles  pass  gradually  over  into 
the  sepals,  and  these  in  turn  into  the  petals,  the  whole  collection 
being  spirally  arranged.  The  stamens  are  numerous  in  many 
whorls,  and  tend  to  become  polyadelphous.  The.  plants  are  trees  or 
shrubs  with  entire  coriaceous  exstipulate  leaves. 

The  most  widely  known  plants  of  this  order  are  Camellia  japonic  a 
cultivated  for  its  flowers,  and  Tliea  chinensis,  the  dried  leaves  of 
which  constitute  tea. 

Order  5.  Dipterocarpace®. — This  is  an  order  of  trees  and  shrubs 
found  in  tropical  Asia.  The  fruits  are  surrounded  by  the  enlarged 
persistent  calyx  which  gives  them  the  appearance  of  being  winged. 
The  leaves  bear  large  convolute  deciduous  stipules.  The  flower  is 
somewhat  like  that  of  the  Hypericacece,  but  the  grouping  of  the 
stamens  is  less  distinct. 

Order  6.  Chl.enacee. — The  plants  of  this  order  are  trees  or 
shrubs,  which  are  readily  distinguished  among  the  ThalamiflorEe  by 
their  alternate  simple  stipulate  leaves  and  their  involucrate  flowers. 
The  latter  are  sometimes  solitary,  at  others  two  together,  the 
involucre  then  surrounding  both.  The  stamens  are  monadelphous  ; 
the  fruit  is  a capsule,  with  usually  axile  placentation.  The  seeds  are 
albuminous. 


Cohort  6. — Malvales. 

The  flowers  are  usually  actinomorphic  and  pentamerous  ; 
the  calyx  is  often  gamosepalous.  The  aestivation  of  the  sepals 
is  valvate,  that  of  the  corolla  usually  contorted.  The  stamens 
are  typically  in  two  whorls,  often  olxliplostcmonous.  In  some 
cases  they  are  united  into  a column,  when  the  typical  number 
is  very  greatly  increased  owing  to  branching.  The  carpels  are 
usually  five,  but  in  some  cases  indefinite  ; the  fruit  in  the  latter- 
case  is  a schizocarp,  in  the  former  a capsule. 

Order  1.  Malvaceae. — The  plants  of  this  order  are  herbs, 
shrubs,  or  trees,  with  alternate  palmatinerved  leaves  with 
stipules  ; the  flowers  are  regular.  There  are  five  sepals,  which 
are  valvate  in  the  bud,  and  below  them  there  is  generally  an 
epicalyx  consisting  in  some  cases  of  three,  in  others  of  several, 
leaves  (fir/s  1096,  1097).  The  corolla  has  five  petals,  which  are 
twisted  in  the  bud  and  are  slightly  coherent  at  the  base,  where 
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they  fire  united  to  the  staminal  tube.  There  are  numerous 
stamens  united  into  a central  column,  which  is  hollow  and 
encloses  the  styles.  The  stamens  originate  in  five  original  pro- 
tuberances, the  large  number  being  due  to  branching  of  these. 
The  anthers  are  reniform  and  bilocular.  The  carpels  are 
3 — co  , and  are  more  or  less  completely  united,  forming  either  a 

Fig.  1091.  Fig.  1092.  ' 


/■'ill.  1091.  Diagram  of  the  flower  of  a species  of  Malva.  The  three  external 

lines  represent  bracts,  which  together  form  an  cpicalyx  or  involucre. 

Hg.  1092.  Vertical  section  of  the  flower  of  a Mallow. Fig.  1093.  Pistil 

of  the  same  surrounded  by  the  inferior  calyx  and  involucre. Fig.  1094. 

Horizontal  section  of  the  fridt  of  Mnlva  sylvestris.  A.  Axis.  pi.  Placenta. 
/.  An  empty  cell.  r.  Embryo  with  twisted  cotyledons. 


capsular  fruit  or  a schizocarp,  which  separates  into  a number 
of  cocci,  each  containing  one  seed  (fig.  1094).  The  endosperm 
is  scanty  and  contains  a quantity  of  mucilage ; the  embryo  is 
curved,  and  the  cotyledons  are  much  twisted. 

There  is  a good  deal  of  variety  in  the  structure  of  the  flower. 
In  Malva  there  is  only  one  whorl  of  stamens  present,  which 
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are  arranged  as  described  above.  The  five  original  protuberances 
arise  opposite  to  the  petals.  The  carpels  are  numerous,  but 
arise  more  or  less  distinctly  opposite  to  the  petals.  In  Hibiscus 
the  staminal  tube  terminates  in  five  teeth,  which  form  a kind  of 
coronal  appendage.  The  teeth  of  the  tube  are  opposite  to  the 
sepals,  as  are  also  the  carpels.  In  Sidalcea  there  are  two 
whorls  of  stamens,  of  which  the  outer  consists  of  five  more  or 
less  distinct  phalanges,  which  are  membranous  and  situated 
opposite  the  petals,  while  the  inner  ones  are  columnar,  as  in 
Malva.  In  Pavonia  and  Malvaviscus  the  carpels  are  five  and 
are  antipetalous,  the  stamens  being  as  in  Malva. 

An  hypothesis  has  been  advanced  by  Braun  to  explain  the  struc- 
ture of  Malva,  which  is  that  an  outer  whorl  of  antisepalous  stamens 


Fig.  1095.  Fig.  1096.  Fig.  1097. 


Hu.  1095.  Androecium  of  Malva. Fig.  109G.  Calyx  of  Althaea , with 

epicalyx. Fig.  1097.  Calyx  of  Hibiscus  surrounded  by  an  epicalyx  or 

involucre. 


has  been  suppressed.  The  carpels  being  opposite  to  the  petals  and 
to  the  original  staminal  protuberances,  require  for  symmetry  the 

I supposition  that  there  is  a suppression  of  a third  staminal  whorl 
between  them  and  the  column  of  stamens.  This  would  make  the 
typical  structure  triplostemonous.  The  structure  of  Hibiscus  favours 
this  theory,  as  the  teeth  of  the  staminal  tube  correspond  in  position 
with  this  whorl,  being  antisepalous.  If  this  be  so,  then  the  carpels 
have  undergone  a shifting  in  this  flower, as  is  the  casein  theobdiplo- 
stemonous  Geraniaccce.  In  Sidalcea  this  inner  whorl  of  stamens  is 

(represented  by  the  column,  and  the  stamens  of  Malva  by  the  five 
membranous  staminal  phalanges.  In  both  these  genera  Braun’s 
hypothesis  is  wanted  to  account  for  the  position  of  the  outer  whorl 
of  stamens,  which  is  antipetalous.  In  Pavonia  and  Malvaviscus  the 
flower  would  be  symmetrical  if  both  suppressed  whorls  were  supplied. 

The  structure  of  the  flower  may  also  be  explained  on  the  theory  of 
obdiplostemony.  In  the  case  of  Malva  the  inner  whorl  of  stamens  is 
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absent ; in  Hibiscus  it  is  represented  by  the  teetli  of  the  stamina! 
tube  ; in  Sidalcea  by  the  columnar  stamens. 

The  order  may  be  divided  into  three  tribes,  which  can  be  distin- 
guished as  follows  : — 

Tribe  1.  Malvece. — Flowers  furnished  with  an  involucre  or  epi- 
calyx  (Jig.  1091).  Fruit  consisting  of  separate  carpels  (apocarpous) 
(fig.  1094). 

Tribe  2.  Hibiscecc. — Flowers  furnished  with  an  involucre.  Fruit 
formed  of  united  carpels  (syncarpous). 

Tribe  3.  Sidecc. — Flowers  without  an  involucre.  Fruit  apocarpous 
or  syncarpous. 

These  plants  are  chiefly  natives  of  the  tropics  and  the  warmer 
parts  of  temperate  regions.  They  diminish  gradually  as  we  approach 
the  north,  and  are  altogether  absent  from  the  frigid  zone.  There 
are  more  than  1,000  species. 

No  plant  of  this  order  possesses  any  deleterious  properties.  The 
order  is  generally  characterised  by  mucilaginous  and  demulcent 
qualities.  From  the  bast  of  many  species  strong  and  tough  fibres 
are  obtained,  and  the  hairs  covering  the  seeds  of  certain  species  of 
Gossypium  constitute  cotton. 

Order  2.  Sterculiace/k. — This  order  somewhat  closely  resembles 
Malvaccce  ; the  androecium  is  obdiplostemonous  ; the  antipetalous  sta- 
mens are  in  some  cases  slightly  monadelphous,  and  the  antisepalous 
ones  represented  by  staminodes.  Sometimes  the  latter  arc  suppressed. 
The  stamens  differ  from  those  of  the  Malvaceto  in  bearing  perfect 
(4-celled)  anthers.  The  corolla  in  some  cases  is  absent,  and  the  flowers 
in  others  are  diclinous.  The  order  Byttiieriaccce  of  some  botanists  is 
generally  included  in  Sterculiacero. 

Order  3.  Txliace®. — The  plants  of  this  order  arc  usually 
trees  or  shrubs  with  alternate  leaves  having  deciduous  stipules. 
The  sepals  are  free  in  most  cases  ; the  petals  five,  imbricate  in 
the  bud ; the  stamens  ten  or  indefinite,  free  from  each  other,  or 
slightly  coherent  at  their  bases  into  several  bundles.  The 
original  prominences  are  in  some  genera  divided  into  many 
filaments,  sometimes  as  far  as  their  bases,  sometimes  nearly  to 
that  point.  In  a few  genera,  on  the  other  hand,  the  ten  perfect 
stamens  are  found  in  two  whorls.  The  anthers  are  4-celled. 
The  pistil  is  syncarpous,  of  from  two  to  ten  carpels;  the  ovary  is 
usually  5-cel  led,  with  axile  placentation.  There  is  a glandular 
hypogynous  disc. 

This  order  resembles,  in  many  respects,  the  Malvaccce  and  Stcr- 
culiacece.  It  may  be  at  once  distinguished  from  them  by  having  a 
glandular  disc,  and  by  the  stamens  not  being  monadelphous  ; and 
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from  the  Malvaceae  also  by  the  anthers  being  4-celled.  From  all 
other  Thalamifloree  the  plants  of  this  order  may  be  known  by  their 
alternate  simple  stipulate  leaves ; valvate  aestivation  of  calyx,  which  is 
also  deciduous ; lioral  envelopes  infour  or  five  divisions ; stamens  either 
distinct  or  polyadelphous  ; anthers  2-celled  ; hypogynous  glandular 
disc ; many-celled  fruit  with  axile  placentas  ; and  embryo  erect, 
straight,  in  the  axis  of  fleshy  albumen. 


Fio.  1098. 


Fig.  1100. 


The  only  British  genus  is  Tilia , the  Lime  tree.  It  is  characterised 
by  its  peculiar  inflorescence,  which  is  a 3-fiowered  dichasiuni,  appa- 
rently adherent  to  a large  leaf  (Jig.  1100).  It  is  developed  in  the  axil 
of  a foliage  leaf,  and  a vegetative  bud  appears  to  be  placed  between 
it  and  the  stem.  The  inflorescence  is  the  termination  of  the  true 
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axillary  shoot ; the  first  two  leaves  of  the  latter  are  the  large  folia- 
ceous  body  (li)  adherent  to  the  axis  of  the  inflorescence,  and  a scale 
leaf  opposite  to  it.  The  bud  is  really  developed  upon  the  axis  of  the 
inflorescence  in  the  axil  of  the  scale  leaf.  The  leaf  to  which  the 
axis  is  adherent  is  thus  a bracteole. 


Artificial  Analysis  of  the  Orders  in  the  Sub-class  Polypetalce. 
Series  1.  Thalamifloe.e. 


1.  Flowers  with  more  than  20  stamens. 


A.  Leaves  without  stipules. 
a.  Carpels  more  or  less  distinct  (at  least  as  to 
the  styles),  or  solitary. 

1.  Stamens  distinct. 

Carpels  immersed  in  a fleshy  tabular  tha-  / 
lamus  ......  1 

Carpels  not  immersed  in  a thalamus. 

Embryo  with  endosperm  and  perisperm  j 

Embryo  naked,  very  minute. 

Seeds  arillate  ...... 

Seeds  exarillate.  Albumen  fleshy  and 
homogeneous. 

Flowers  hermaphrodite 

Flowers  unisexual  . . . -j 

Seeds  usually  exarillate.  Albumen  ru- 
minated   

2.  Stamens  united  in  one  or  more  parcels. 
Calyx  imbricate. 

Seeds  smooth  ...... 

Seeds  shaggy 1 


NympheeaceeB 

(Nelumbonew). 

Nymphceacece 
( Cabombece ). 

Dilleniacece . 


Rauwnculacece. 

Magnoliacece 

(Schizandrece). 

Anonaccce. 


Hypericacece. 
Tamaricacece 
( Reaum  urietc). 


b.  Carpels  wholly  combined  (at  least  as  to  the 
ovaries),  with  more  than  one  placenta  ; or 
•with  a free-central  placenta . 

Placentas  parietal,  in  distinct  liues. 

Anthers  versatile.  Juice  watery  . 

Anthers  innate.  Juice  milky. 

Placentas  parietal,  spread  over  the  lining  of 
the  fruit  . ... 

Placentas  covering  the  dissepiments  . . | 

Placentas  in  the  axis. 

Stigma  large,  broad,  and  petaloid  . 

Stigma  simple.  Calyx  imbricate. 

Leaves  compound  . . . . j 


Capparidacece  ■ 
Papaveracece. 

Bixacece. 
Nymphceacece 
(Nymphcece) . 

Sarraceniacew. 

Ternstrcemiacecc 
(lihizobolece) . 
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Leaves  simple. 

Petals  equal  in  number  to  the  sepals. 
Seeds  few  ...... 

Guttiferce. 

Seeds  numerous.  Petals  flat  . j 

Ternstranniacece 
(. Marcgraviece ). 

Seeds  numerous.  Petals  crumpled 

Cistacece. 

Petals  not  equal  in  number  to  the  sepals. 
Styles  not  perfectly  combined  . 

Ternstrcemiacece . 

Placentas  free  central 

Port  ulac  acece. 

Leaves  with  stipules. 

t.  Carpels  more  or  less  distinct  (at  least  as  to 
the  sti/les). 

Carpels  numerous  ...... 

Magnoliacece. 

).  Carpels  wholly  combined  (at  least  as  to  the 
ovaries ),  with  more  than  one  placenta. 
Placentas  parietal 

Bixacece. 

Placentas  in  the  axis. 

Calyx  with  an  imbricate  estivation. 

Flowers  involucrate 

Chlcenacece. 

Flowers  not  involucrate  .... 

Cistacece. 

Calyx  with  a valvate  estivation. 

Stamens  monadelphous.  Anthers  2-celled 

Sterculiacece. 

Stamens  monadelphous.  Anthers  1-celled 

Malvacece. 

Stamens  monadelphous.  Calyx  irregular, 
and  enlarged  in  the  fruit 

Dip  terocarpacece . 

Stamens  quite  distinct 

Tiliacece. 

2.  Flowebs  with  less  than  20  stamens. 

Leaves  without  stipules. 

..  Carpels  more  or  less  distinct,  or  solitary. 
Anthers  with  recurved  valves  .... 

Berbericlacece. 

Anthers  with  longitudinal  dehiscence. 

Albumen  abundant,  embryo  minute. 

Flowers  unisexual.  Seeds  usually  nu-  1 

Berbericlacece 

merous  ......  ' 

(Lardizabalece) . 

Flowers  perfect. 

Embryo  with  endosperm  and  peri-  i 
sperm  ......  ^ 

Nymphceacece 

(Cabombece). 

Embryo  without  perisperm. 

Albumen  homogeneous. 

Sepals  2 ..... 

Fumariacece. 

. Sepals  more  than  2 

Ban  mi  c ii  lacece. 

Albumen  ruminated.  Shrubs 

Anonacece. 

Albumen  in  small  quantity,  or  alto- 
gether wanting. 

Flowers  unisexual  .... 

Mimispermacece . 

Flowers  perfect 

Calycanthacece 
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b.  Carpels  wholly  combined  (at  least  as  to  the 
ovaries). 

Placenta  parietal. 

Stamens  tetradynamous 

Stamens  not  tetradynamous. 

Large  liypogynous  disc. 

Flowers  tetramerous.  Fruit  closed  at 

tlie  apex 

Flowers  not  tetramerous.  Unripe  fruit 
usually  open  at  the  apex 
Small  liypogynous  disc,  or  none. 

Albumen  abundant. 

Flowers  irregular 

Flowers  regular.  Sap  milky.  Fruit 
without  central  pulp 
Fruit  with  central  pulp,  or  fleshy. 

Sap  watery 

Albumen  in  small  quantity,  or  wanting. 
Calyx  tubular,  furrowed 

Placentas  covering  the  dissepiments  . . .j 

Placontas  axile  or  free  central. 

Stylos  distinct  to  the  base. 

Calyx  imbricate. 

Seeds  smooth.  Petals  unequal- sided, 
without  appendages  .... 
Seeds  shaggy.  Petals  unoqual-sided,  < 
usually  with  appendages  at  the  base  I 
Calyx  slightly  imbricate. 

Petals  not  twisted  in  aestivation. 

Ovary  with  a free-ceutral  placenta 
Styles  more  or  less  combined. 

Calyx  imbricate,  in  an  irregular  broken 
whorl. 

Flowers  symmetrical  .... 
Flowers  unsymmetrical,  papilionaceous  . 
Calyx  slightly  imbricate,  in  a complete 
whorl. 

Carpels  4 or  more. 

Ovary  1-celled,  with  a free-central 
placenta  ...... 

Carpels  less  than  4. 

Seeds  coinose 

Seeds  not  comoso. 

Ovules  pendulous.  Petals  twisted 
in  aestivation  .... 
Ovules  ascending  or  horizontal. 

Petals  imbricate  in  aestivation 
Calyx  valvate,  or  but  very  slightly  im- 
bricate. 

Anthers  opening  by  pores  .... 


Cruciferce. 


Capparidacecp. 

Resedacece. 


Fumariacece. 

Papaveracece. 

Bixacece. 

FranlceniacecB . 
Nymphceacece 
(Nymphcecc). 


Hyperioacece. 

Tamaricacece 

(Reaumuriece). 


Caryuphyllacece. 


Guttiferce. 

Polygalacece. 


Portulaoacece. 

Tamaricacece. 

Canellacece. 

Pittosporacece. 

Tremandracece. 
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B.  Leaves  with  stipules. 

a.  Carpels  distinct,  or  solitary. 

Anthers  with  recurved  valves.  Carpel  solitary  Berberulacece. 


b.  Carpels  wholly  combined  (at  least  as  to  the 
ovaries),  with  more  placentas  than  one. 
Placentas  parietal. 

Leaves  with  involute  vernation.  Anthers 
crested,  and  turned  inwards 
Stamens  opposite  to  the  petals.  Anthers  , 
naked,  and  turned  outwards  . . t 

Placentas  in  the  axis. 

Styles  distinct  to  the  base. 

Calyx  imbricate,  in  an  irregular  broken 
whorl. 

Petals  small,  sessile  ..... 
Calyx  slightly  imbricate,  in  a complete 
whorl. 

Petals  minute 1 

Calyx  valvate 

Styles  more  or  less  combined. 

Calyx  imbricate,  in  an  irregular  broken 
whorl. 

Flowers  surrounded  by  an  involucre 
Calyx  slightly  imbricate,  in  a complete 
whorl. 

Sepal  spurred 

Calyx  valvate. 

Stamens  united  by  their  filaments  into  a 

column 

Stamens  not  united  into  a column  . 


Violacece. 

Violacece 

(Sauvagesiece). 


Elatinacece. 


Gary  op  h glia  cecc 
( Paronychiece ). 
Tiliacece. 


Chhenacece. 


Vochysiacece. 


Sterculiacece. 

Tiliacece. 


It  should  be  particularly  noticed,  that  although  the  general  character 
of  the  Thalamiflorae  is  to  have  dichlamydeous  flowers  and  polypetalous 
corollas,  yet  exceptions  occur  occasionally  to  both  these  characters.  Thus, 
we  find  apetalous  genera  and  species  in  Ranunculacece,  Magnoliacece, 
Berberulacece,  Sarraceniacece,  Menispermacece,  Papaveracece,  Cruci- 
ferce,  Canellacece,  Bixacece,  Violacece,  Caryophyllacece,  Malvacece, 
Sterculiacece,  and  Tiliacece. 

Again,  in  the  orders  Anonacece,  Pittosporacece,  Polygalacece,  Portu- 
lacacecc,  Tarnaricacece,  Terns trcemiacece,  and  Dipteracece,  we  find  some 
monopetalous  species  and  genera. 

In  Dilleniacece,  Papaveracece,  Capparidacece,  Besedacece,  Violacece , 
Caryophyllacece,  Portulacacece,  Malvacece,  and  Sterculiacece,  some  of 
the  species  have  stamens  more  or  less  perigynous  instead  of  hypogynous. 
Again,  in  some  orders,  as  in  certain  Ttanunculacece,  Cal/ycanthacece , 
Anonacece,  Nymphceacece,  Portulacacece,  Capparidacece , Polygalacece, 
Bixacece,  Terns  trcemiacece,  Vochysiacece,  Tiliacece,  anADipterocarpacece, 
the  calyx  is  more  or  less  superior. 
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Synopsis  of  the  British  Natural  Orders  of  the  Series  Thalamiflortc. 
A.  Corolla  polypetalous,  hypogynous. 


1.  Ovaries  many,  distinct  or  united,  each  with 

a style,  or  solitary  with  one  lateral  placenta. 
Corolla  regular. 

Sepals  free.  Stamens  hypogynous. 

Stamens  oo , usually  many.  Anthers  de- 
hiscing by  slits 

Stamens  equal  and  opposite  to  petals. 
Anthers  dehiscing  by  valves  . 

Corolla  irregular. 

Leaves  exstipulate.  Stamens  diadelplious 

2.  Ovary  solitary,  with  parietal  placentation. 
Corolla  regular. 

Petals  4. 

Stamens  oo  . Sepals  2,  fugacious 
Stamens  telradynamous  .... 
Petals  5. 

Sepals  distinct,  3 inner  twisted  in  the  bud, 
2 outer  smaller  or  wanting.  Stamens  oo 
Sepals  united  below.  Stamens  iso-  or 
diplostemonous  inserted  on  a disc  . 
Petals  4—5,  clawed.  Placentas  3 . 

Petals  and  sepals  acyclic  . . . . . 

Corolla  irregular. 

Leaves  stipulate.  Sepals  5.  Stamens  5 free 
Leaves  exstipulate.  Fruit  open  at  the  end. 

Stamens  oo  

8.  Ovary  solitary,  with  axile  or  free-central  pla- 
centation. 

Calyx  imbricate  in  bud. 

Corolla  regular. 

Placentation  free  central. 

Calyx  tubular -[ 

Sepals  distinct. 

Stamens  opposite  to  the  petals. 

Sepals  2 

Sepals  3 — 5. 

Stamens  10  or  fewer.  Sti-  , 
pules  0 . . . "t 

Stamens  5.  Leaves  stipulate.  J 
Petals  distinct ...  1 

Petals  minute  or  0 . . - 

Placentation  axile. 

Stamens  free.  Styles  8 — 5 

Stamens  polyadelphous  .... 


Banuncidacece. 

Berberidaceie. 

Fumariacecc. 


Papaveracece. 
Crucifer  cc. 


Cistacece.  ■ 

Tamaricacecc. 

Franlceniaeece. 

Nymphceacece. 

Violacece. 

ltescdacecc. 


Ca  ryop  hyllac  ecc 
( Silenece ). 


Portulacacecc. 

Caryophyllacece 
( At  sine  ce ). 

Ca  ryophyll  a <■  c cc 
(Polycarpecc). 
Caryophyllacece 
{Paronychie(c) 

Elatinacece. 

Hypericacece. 


Calyx  valvate  in  the  bud. 
Stamens  columnar 
Stamens  free 
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B.  Corolla  partly  gamopetalous,  or  with  petals 

slightly  united  at  their  base  ....  Polygalacece. 


In  this  series  the  sepals  are  usually  coherent,  though  not 
always  ; the  petals  usually  form  a single  whorl ; the  stamens  are 
hypogynous,  or  attached  to  a disc  which  is  sometimes  perigynous  ; 
the  ovary  is  generally  syncarpous. 

Bentham  and  Hooker  divide  this  series  into  four  cohorts. 


The  flowers  are  usually  pentamerous ; there  are  frequently 
two  whorls  of  stamens,  which  are  then  obdiplostemonous  ; the 
disc  is  often  conspicuous,  but  is  sometimes  absent ; the  stamens 
are  hypogynous,  and  the  pistil  generally  syncarpous,  the  indi- 


Series  2. — Disciflorje. 


Cohort  1. — Grercmialcs. 


are  furnished  with  small  stipules  ; they  are  arranged  in  spirals, 
or  may  be  opposite  or  whorled.  The  inflorescence  is  cymose, 
and  the  flowers  are  regular,  either  pentamerous  or  tetramerous. 
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The  calyx  is  imbricate  and  persistent,  the  corolla  twisted  and 
fugacious.  The  stamens  are  united  at  their  bases  to  form  a 
hypogynous  ring,  from  which  proceed  an  equal  number  of 
teeth-like  processes  or  staminodes.  The  latter  are  opposite 
to  the  petals.  The  disc  is  represented  by  ten  small  glands, 
one  lying  outside  each  stamen ; the  carpels  form  a syncarpous 
ovary,  each  loculus  of  which  is  divided  more  or  less  completely 
into  two  by  a spurious  dissepiment  {fig.  1101).  The  styles  are 
free,  and  each  bears  a capitate  stigma.  The  fruit  is  a capsule 
which  dehisces  septicidally.  There  arc  two  ovules  in  each 
loculus,  which  are  separated  by  the  incomplete  dissepiment. 
The  seeds  contain  a little  albumen. 

The  order  Eryttvroxylaccre  of  some  botanists  is  included  in  Linace® 
by  Bentham  and  Hooker.  It  differs  from  the  type  described  in  having 
a ligulate  corolla,  ten  perfect  stamens,  and  a drupaceous  fruit. 

The  plants  of  this  order  are  chiefly  natives  of  the  south  of 
Europe,  Brazil  and  some  other  parts  of  South  America,  the  West 
Indies,  and  the  north  of  Africa,  but  they  are  more  or  less  distributed 
over  most  regions  of  the  globe.  There  are  about  1G0  species.  The 
order  is  of  great  importance  as  the  source  of  Flax. 

Order  2.  Hu.mikiace.k. — A small  order  of  tropical  American  trees, 
with  alternate  coriaceous  leaves.  The  flowers  have  twenty  or  more 
monadelphous  stamens,  a drupaceous  fruit,  and  ortliotropous  seeds. 

Order  3.  Maupigiiiacb/b. — A tropical  order  of  trees  or  shrubs 
which  includes  some  lianes  whose  stem  structure  shows  certain 
anomalous  features.  The  leaves  are  opposite,  and  the  flowers 
regular  or  obliquely  zygomorpliic.  The  sepals  have  characteristic 
glands  at  their  bases.  The  stamens  are  ten,  and  may  be  monadel- 
phous or  distinct;  the  connectives  are  fleshy  and  produced  beyond 
the  anther  lobes.  The  ovary  is  usually  3-celled,  and  the  fruit  is 
samaroid,  drupaceous,  or  a woody  nut. 

Order  4.  Zygophyllacio/e. — A small  order  of  herbs  or  shrubs 
with  opposite  stipulate  leaves.  The  flowers  are  actinomorpliic  and 
usually  contain  a fleshy  toothed  disc.  In  some  this  is  replaced  by 
separate  glands. 

Order  5.  Geraniace®. — ' The  limits  of  this  Natural  Order 
are  assigned  differently  by  different  botanists.  Bentham  and 
Hooker  consider  it  to  include  the  plants  which  by  some  writers 
are  set  apart  in  distinct  orders  under  the  names  of  Bal- 
saminaceee,  Vivianacccc,  Tropceolacca:,  Limnanthacece,  and 
O.ralidacece.  Taking  the  more  restricted  view,  it  presents  the 
following  features.  The  majority  of  the  plants  are  herbaceous, 
with  stipulate  leaves,  either  alternate  or  opposite.  The  flowers 
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in  all  the  genera  but  Pelargonium  are  regular  and  actino- 
morphic.  The  inflorescence  is  a cymose  umbel  or  a scorpioid 
cyme.  The  flower  is  pentamerous  ; the  sepals  are  imbricate 
and  persistent ; the  petals  are  clawed,  twisted,  and  fugacious. 
The  stamens  are  monadelphous  and  obdiplostemonous,  the  inner 
whorl  being  in  some  cases  represented  by  staminodes.  There 
are  five  glands  at  the  base  of  the  stamens  of  the  inner  (anti- 
sepalous)  whorl.  The  pistil  is  composed  of  five  carpels,  which  are 
opposite  to  the  petals.  They  are  seated  on  a disc  which  grows 
up  between  them  as  the  fruiting  stage  is  reached,  forming  a 
long  beak  or  carpophore  {fig.  1106),  to  which  the  styles  remain 
attached.  The  styles  separate  at  the  top  {fig.  1105).  The  fruit 


Fig.  1104.  A portion  of  the  flowering  stem  of  Geranium  sylvalicum. 

Fig.  1105.  The  amlroecium  and  gynoecium  of  the  same. Fig.  1106.  The 

pistil,  partially  matured,  surrounded  by  the  persistent  calyx. Fig.  1107. 

Transverse  section  of  the  seed. 

is  a collection  of  five  cocci,  which  separate  from  one  another  and 
from  the  base  of  the  beak  when  ripe  and  curl  up  or  become 
spirally  twisted,  the  upper  part  of  the  styles  remaining  adherent 
to  the  top  of  the  beak  {fig.  1108).  In  some  species  the  separation 
is  effected  with  violence,  the  carpels  open  septicidally,  and 
the  seed  is  ejected  from  the  coccus.  In  others  {Er odium., 
Pelargonium ) this  does  not  take  place,  but  the  cocci  even- 
tually become  detached,  and  by  the  hygroscopic  character  of  the 
adherent  portion  of  the  style  are  buried  in  the  soil.  The 
seeds  are  one  or  sometimes  two  in  each  carpel,  and  are  ex- 
albuminous. 

Geranium  has  ten  perfect  stamens,  while  Erodium  has  five 
staminodes.  Pelargonium  has  the  three  most  anterior  stamens  of 


Fig.  1104. 


Fig.  1105. 


Fig.  1106. 


Fig.  1107. 
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the  outer  whorl  suppressed  or  represented  by  staminodes,  and  is 
peculiar  in  having  the  posterior  sepal  prolonged  into  a spur,  which 
becomes  adnate  to  the  peduncle.  Monsonia  and 
Sarcocaulon  have  five  phalanges  of  stamens 
opposite  to  the  petals. 

The  plants  of  this  order  are  distributed  over 
various  parts  of  the  world,  but  they  abound  at 
the  Cape  of  Good  Hope.  There  are  nearly  550 
species. 

Astringent,  resinous,  and  aromatic  qualities 
are  the  more  important  properties  of  these 
plants.  Many  are  remarkable  for  the  beauty  of 
their  flowers,  and  others  for  the  agreeable  odours 
of  their  leaves  and  flowers,  which  render  them 
useful  in  perfumery. 

The  structure  of  the  flower  has  been  the 
subject  of  much  discussion,  and  three  hypotheses 
have  been  advanced  to  explain  it.  The  first 
is  that  of  St.  Hilaire,  who  suggested  that  the 
antipetalous  stamens  are  due  to  chorisis  of  the 
petals,  and  that  consequently  each  petal  and  the 
pliore,  r,  of  a species  stamen  standing  before  it  are  representative  of  a 
ill  ov/'n/muH,  with  single  member  of  the  corolla.  On  this  view 
pels,™/;-.1  ' " " there  would  be  only  one  truly  staminal  whorl, 

which  would  have  its  proper  position  oppo- 
site to  the  sepals.  An  objection  to  this  view  has  been  urged  by 
Celakowski,  based  upon  the  similar  orientation  of  the  vascular 
bundles  in  the  petal  and  the  stamen  in  front  of  it,  which  seems  to 
indicate  that  they  are  representatives  of  independent  leaves  and  not 
superposed  portions  of  a single  one. 

The  second  hypothesis  was  put  forward  by  Braun.  He  suggested 
that  a whorl  has  been  suppressed  between  the  petals  and  the  outer 
stamens,  and  that  this  would  have  been  a whorl  of  petals,  making  the 
corolla  biseriate.  If  this  hypothesis  were  adopted,  with  the  modifi- 
cation of  considering  this  suppressed  whorl  one  of  stamens,  we 
should  have  a typical  structure  similar  to  that  suggested  in  Malvaccrv, 
viz.  three  whorls  of  stamens  regularly  alternating  with  the  petals 
and  the  carpels.  Braun  suggested  that  the  five  green  glands  of  the 
genus  Geranium  which  occupy  the  position  in  question  are  the 
representatives  of  the  missing  whorl.  An  objection  to  this  view  is 
that  in  no  related  genera  do  we  find  traces  of  the  missing  whorl. 
The  suggestion  that  the  glands  represent  it  appears  untenable  in  view 
of  the  fact  that  in  the  genus  Oxalis  (sometimes  included  in  this 
order)  there  are  ten  glands,  one  behind  each  stamen. 

The  third  view  is  that  of  Celakowski.  He  suggests  that  the 
flower  is  capable  of  explanation  on  the  theory  of  obdiplostemony ; 


Fig.  1108. 
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that  the  antipetalous  stamens  are  really  the  inner  whorl,  and  have  in 
coarse  of  growth  been  forced  outwards  till  they  come  to  be  beyond 
the  true  inner  whorl.  The  evidence  for  this  view  is  strong,  for  in 
Parnassia  ( Saxifrcigacece ) the  staminodes,  which  are  antipetalous,  are 
the  interior  whorl  in  the  bud.  Also,  in  Limncmthes  the  stamens, 
which  are  antipetalous  in  the  mature  flower,  are  antisepalous  in  the 
bud.  In  many  of  the  obdiplostemonous  Caryophyllacece  the  stamens, 
which  at  their  insertion  are  antisepalous,  are  at  their  summits 
antipetalous.  Further,  the  vascular  bundles  which  enter  these 
antipetalous  stamens  are  either  more  to  the  centre  of  the  floral  axis 
than  those  which  enter  the  others,  or  are  in  line  with  them. 

The  main  difficulty  in  the  way  of  this  hypothesis  is  that  the 
carpels  are  antipetalous,  whereas  they  ought  to  alternate  with  this 
whorl  of  displaced  stamens.  Celakowski  met  this  objection  by  saying 
that  this  is  probably  due  to  the  recession  of  the  stamens  leaving 
more  room  opposite  to  them.  This  seems  to  follow  the  law  of 
phyllotaxis,  that  the  succeeding  members  are  produced  opposite  to 
the  greatest  space  between  the  preceding  ones. 

The  arrangements  of  the  andrajcium  in  Monsonia  (fig.  1109)  and 
Sarcocaulon  are  peculiar.  There  are  fifteen  stamens,  arranged  in  five 
antipetalous  phalanges ; each  phalanx  consisting  of  one  perfect  central 
stamen  and  an  imperfect  one,  with  only  half  an  anther,  attached 
to  it  on  each  side,  just  as  is  the  case  in  Fumaria.  It  has  been  sug- 
gested that  this  peculiarity  is  due  to  obdiplostemony  and  chorisis 
of  the  inner  stamens,  which  after  dividing  coalesce,  as  far  as  their 
filaments  are  concerned,  with  the  stamens  of  the  outer  whorl,  each 
half  of  the  chorised  stamen  uniting  with  the  entire  stamen  nearest 
to  it. 


Order  6.  Balsaminaceas.— The  plants  of  this  order  are 
herbaceous  plants,  with  semi-transparent  juicy  stems  and 

VOL.  II. 


Fig.  1109. 


Fig.  1110. 


Fig.  1111. 


noli-me-tangere),  with  recurved  cuiled-up  valves. 
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simple  leaves  occasionally  bearing  glands  at  the  bases  of  then- 
petioles.  The  flowers  are  zygomorphic ; the  antipetalous 
stamens  are  suppressed.  The  posterior  sepal  is  spurred, 
and  the  two  anterior  ones  are  small  or  absent;  the  anterior 
petal  is  large.  All  the  perianth  leaves  are  coloured.  The 
anthers  are  almost  syngenesious  and  cover  the  pistil.  The 
fruit  is  a capsule,  which  opens  with  some  violence  from  the 
base  upwards,  scattering  the  seeds.  The  latter  are  exalbu- 


Order  7.  Vivianaceje. — A small  order  of  South  American  plants 
with  regular  flowers,  having  ten  free  stamens,  a loculicidal  capsule, 
and  exalbumiuous  seeds. 

Order  8.  TropjeoIiACeje. — A small  order  of  herbaceous  plants 
which  bear  peltate  exstipulate  leaves,  and  in  some  cases  climb  by 


Fig.  1112.  Flower  of  Tvopaiolum.  c.  Spurred  calyx. Fig,  1113.  Diagram 

of  the  flower  of  Tropivolum  pentaphyllum. 

means  of  sensitive  petioles.  They  have  zygomorphic  flowers ; the 
posterior  sepal,  or  according  to  some  writers  the  receptacle  under  it, 
is  prolonged  into  a spur  ; the  three  anterior  petals  are  fringed  and 
furnished  with  a claw  ; the  two  median  stamens,  one  belonging  to  each 
whorl,  are  suppressed ; the  fruit  is  a tricarpellary  schizocarp,  much 
like  that  of  Geranium,  but  there  is  no  beak.  The  seeds  are  exal- 
buminous. 

Order  9.  Limnantiiace^.—  In  this  order  also  the  fruit  is  a 
schizocarp  ; the  carpels  are  nearly  free,  but  have  a common  gyno- 
basic  style.  The  carpels  are  in  front  of  the  sepals  instead  of  the 
petals,  as  in  the  other  orders.  The  stamens  are  perigynous. 

Order  10.  Oxalidace.f. — The  plants  of  this  order  are  chiefly 
herbs  with  rhizomes  ; the  leaves  are  compound,  with  entire 
leaflets.  The  flowers  are  actinomorphic  ; the  disc  is  represented 


urinous. 


Fig.  1112. 


Fig.  1113. 
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by  small  glands  at  the  bases  of  the  antisepalous  stamens,  or  of 
all  of  them.  The  stamens,  though  in  two  whorls,  are  mon- 
adelphous  ; the  fruit  is  a capsule.  The  seeds  in  some  species  are 


Fig.  111-1.  Diagram  of  the  flower  of  Oxtilis. Fig.  Ilia.  Vertical  section  ' 

of  the  flower  of  the  same. Fig.  1116.  Vertical  section  of  the  seed. 

provided  with  a fleshy  integument,  which  bursts  with  elasticity 
when  the  fruit  is  ripe,  and  expels  the  seeds. 

Some  species  of  Oxalis  have  cleistogamous  flowers  ; the  leaves  of 
this  genus  and  of  Averrhoa  show  nyctitropic  movements. 

The  whole  order  is  remarkable  for  an  acid  juice,  which  is  due  to 
the  presence  of  binoxalate  of  potassium.  The  order  is  a prominent 
feature  of  the  flora  of  the  Cape  of  Good  Hope.  It  comprises  about 
330  species. 

Order  11.  Rutack.e. — The  plants  of  this  order  are  trees, 
shrubs,  and  rarely  herbs,  with  numerous  etherial  oil  reservoirs 
or  glands  on  their  leaves  and  stems.  The  flowers  are  either 
pentamerous  or  tetramerous,  and  are  usually  actinomprphic  and 
obdiplostemonous.  There  is  a well-marked  disc,  which  in  some 
cases  raises  the  carpels  well  above  the  level  of  the  other  parts  of 
the  flower,  forming  a fleshy  gynophore.  On  this  disc  are 
seated  the  carpels,  which  in  some  cases  are  almost  apocarpous, 
but  the  styles  are  usually  united. 

The  order  is  divided  into  seven  tribes,  Cuspariece , Rutece,  Diosmece, 
Boronieie,  Zanthoxylece,  Toddalece,  and  Aurantiae. 

Cuspariece. — Flowers  with  five  stamens  and  a gamopetalous 
corolla. 

Ruteee.— The  fruit  is  a loculicidal  capsule.  Ruta  grnveolens  is 
peculiar  in  having  cymes  of  flowers,  of  which  the  terminal  one  is 
pentamerous  and  the  lateral  ones  tetramerous.  Dictamnus  has  a 
zygomorphie  flower. 


Fig.  1114. 


Fig.  1115. 


Fig.  1116. 
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Diosniccc.— An  African  group  of  heather- like  shrubs  with  simple 
leaves. 

Boroniccc. — These  plants  are  Australian. 

ZanthoxylecB. — An  American  group,  chiefly  with  dioecious  and 
polygamous  flowers. 

Toddalea:. — Gynoecium  syncarpous  ; fruit  dry  or  succulent,  inde- 
hiscent,  furnished  with  a wing. 

Aurantiecv. — The  leaves  show  a peculiar  articulation  between  the 
blade  and  the  petiole,  the  latter  being  winged  or  flattened.  The 


Fig.  1117.  Diagram  of  the  flower  of  the  Orange  {Citrus  Aurcmtium). 

Fig.  Ills.  Vertical  section  of  the  pistil,  showing  a portion  of  the  disc  at  its 

base,  and  a solitary  hypogyuous  stamen. Fig.  1119.  Pistil  of  the  Orange, 

with  disc  at  its  base,  and  the  calyx  : the  petals  and  stamens  have  been 

removed. Fig.  1 1 20.  Vertical  section  of  the  seed  of  the  Common  Hue 

(Hula  graveolens). Fig.  1121.  Mower  of  Ituta,  showing  the  large  liypo- 

gynous  disc,  on  the  outside  of  which  the  stamens  are  inserted. 

Fig.  1122.  Andrcecium  of  the  Orange,  showing  polyadelphous  stamens. 


calyx  is  gamosepalous,  and  the  fruit  is  a hesperidium,  or  multilocular 
berry  with  a thick  tough  outer  layer.  The  carpels  are  separated 
from  each  other  by  thin  dissepiments,  and  their  interior  is  tilled  by 


Fig.  1117. 


Fig.  1118.  Fig.  1119.  Fig.  1120. 


Fig.  1121. 


Fig.  1122. 
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a pulpy  development  from  peculiar  hairs  which  arise  on  the  inner 
surface  of  the  carpellary  walls.  . The  stamens  in  the  genus  Citrus  are 
only  in  one  whorl  of  five,  but  they  split  towards  their  apices  irregu- 
larly, forming  a number  of  phalanges  (fig.  1122).  The  seeds  some- 
times contain  several  embryos. 

The  Riitece  are  found  chiefly  in  the  southern  part  of  the  temperate 
zone  and  in  Northern  Asia ; the  genera  Diosma,  Barosma,  &c., 
abound  at  the  Cape  of  Good  Hope  ; other  genera  are  found  in 
Australia,  and  some  in  equinoctial  America.  Zantlioxylece  are 
mostly  American,  Aurantiece  chiefly  East  Indian.  There  are  about 
620  species. 

The  Rutece  are  generally  characterised  by  a powerful  penetrating 
odour  and  bitter  taste.  In  medicine  they  are  employed  as  anti- 
spasmodics,  tonics,  febrifuges,  diuretics,  &c.  The  Zantlioxylece  are 
almost  universally  characterised  by  pungent  and  aromatic  properties, 
and  sometimes  by  bitterness.  In  medicine,  they  have  been  employed 
as  stimulants,  sudorifics,  febrifuges,  tonics,  sialogogues,  and  emmena- 
gogues.  The  Aurantiece  abound  in  glands  containing  essential  oils, 
which  render  them  fragrant.  These  volatile  oils  are  especially  abun- 
dant in  the  leaves,  the  petals,  and  the  rind  of  the  fruit.  The  latter  ah  o 
contains  a bitter  tonic  principle.  The  pulp  of  the  fruit  has  an  acid 
or  somewhat  saccharine  taste ; and  the  wood  is  always  hard,  and  of  a 
compact  nature. 

Order  12.  Simarubace.32. — The  plants  of  this  small  order  differ 
from  the  Hues  by  the  absence  of  the  reservoirs  of  etherial  oil.  The 
flowers  are  in  some  cases  diclinous,  and  the  pistil  is  in  some  species 
apocarpous,  the  carpels  then  becoming  succulent.  Other  species 
have  a samaroid  fruit. 

Order  13.  Ochnaceje. — An  order  of  tropical  shrubs  or  trees  ; the 
pistil  is  apocarpous,  but  the  carpels  are  inserted  on  a large  fleshy  disc, 
to  which  their  gynobasic  styles  are  attached.  The  fruits  are  small 
drupes. 

Order  14.  Burserace/e. — A tropical  order  of  trees  or  shrubs  with 
a fragrant  gum-resinous  juice. 

The  flowers  are  actinomorphic,  the  gynoeeium  syncarpous.  The 
disc  is  perigynous  ; the  ovules  are  in  pairs  in  the  loculi  of  the  ovary, 
and  are  attached  to  a placenta  at  the  apex  of  the  loculus. 

Order  15.  Meliace/e. — An  order  of  trees  and  shrubs  with  usually 
pinnate  leaves  without  stipules.  The  stamens  are  monadelphous, 
and  stipule-like  teeth  occur  on  the  tube. 

Order  16.  Cebrelaceas. — A small  order,  now  usually  incorporated 
with  Meliacecp,  from  which  it  differs  by  the  stamens  being  less 
completely  monadelphous,  and  by  the  seeds  being  winged. 

Some  of  the  plants  of  this  order  yield  valuable  timber.  Swictenia 
Mahogani  is  the  Mahogany  tree ; the  wood  of  species  of  Cedrela  is 
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used  for  making  cigar  boxes  ; it  is  often  erroneously  called  cedar- 
tvood. 

Order  17.  Chailletiace/e. — A small  order  of  tropical  trees  or 
shrubs,  with  stipulate  leaves,  ten  perigynous  stamens,  of  which  the 
outer  whorl  is  petaloid  and  sterile.  There  are  only  about  ten  species. 


Cohort  2. — Olncalcs. 

The  plants  of  this  cohort  all  have  pendulous  ovules  with  a 
dorsal  raphe.  The  gynoecium  is  always  syncarpous,  and  the 
seeds  albuminous. 

Order  1.  Oeacace.k. — An  order  of  trees  or  shrubs  with  alternate 
entire  simple  exstipulate  leaves,  with  a syncarpous  ovary  showing 
free-central  placentation.  The  calyx  is  gamosepalous  and  accres- 
cent, enlarging  so  as  to  cover  the  fruit ; the  latter  is  drupaceous,  and 
the  seeds  are  without  integuments. 

Order  2.  Icacinace.e. — A small  order  formerly  included  with  the 
last,  from  which  it  differs  in  the  calyx  not  being  accrescent  and  the 
seeds  possessing  integuments. 

Order  3.  Cyrillacea!. — A small  order  including  only  six  species, 
differing  but  little  from  Olacace/e. 

Order  4.  Phytocrenace/e. — A small  order  formerly  included  in 
the  Artocarpacece , a group  now  held  to  belong  to  the  tribe  Morece , of 
the  XJrticacece  ; it  differs  from  them  by  the  possession  of  a biseriate 
perianth,  and  by  the  seeds  being  albuminous.  The  flowers  are 
diclinous. 

Order  5.  Aquifoliack/e  or  Ilicaceas. — The  plants  of  this 
order  are  shrubs  or  trees  with  leathery  simple  leaves,  in  some 
species  spiny,  with  very  small  stipules.  The  flowers  are  small 
and  are  borne  in  the  axils  of  the  foliage  leaves ; they  are 
sometimes  diclinous  and  dioecious.  The  perianth  leaves  are 
slightly  united  at  their  bases;  there  is  no  disc;  the  ovary  is 
2 (i-celled,  with  one  ovule  in  each  cell,  and  the  fruit  is  fleshy 
and  indehiscent. 

The  Holly  (Ilex  Aquifolium)  is  the  only  European  species.  Several 
South  American  species  are  rich  in  caffeine. 

Cohort  3 .—Celastrales. 

The  flowers  are  actinomorphic,  either  pentamerous  or 
tetramerous  ; there  is  only  one  whorl  of  stamens,  which  in  some 
orders  is  antipetalous,  in  others  antisepalous ; the  disc  is 
present ; the  seeds  are  erect,  with  a ventral  raphe,  and  in  most 
cases  contain  endosperm. 
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Order  1.  Celastraceas. — These  are  shrubby  plants  with 
simple  leaves  and  deciduous  stipules.  The  sepals  and  petals  are 
four  to  five  each,  imbricate  in  restivation.  The  stamens  are  equal 
in  number  to  the  petals,  and  are  inserted  with  them  on  a large 
fiat  disc  in  which  the  ovary  is  sunk,  so  that  the  stamens  are 
somewhat  perigynous.  The  fruit  is  a loculicidal  capsule. 

In  Euonymus  europceus,  the  Spindle  tree,  the  seeds  have  an 
orange-red  arillode.  The  embryo  is  green. 

Order  2.  Hippocrateaceas. — A small  order  often  included  in  Celas- 
tracece.  The  plants  are  chiefly  topical  lianes.  The  flowers  have  three 
stamens,  which  are  monadelphous,  and  the  fruit  is  baccate  or  samaroid. 

Order  3.  Stackhousiacea:. — A small  order  of  Australian  herbs  or 
shrubs,  with  entire  leaves  with  very  minute  stipules.  The  stamens 
are  perigynous,  and  the  fruit  consists  of  three  to  five  indehiscent 
carpels  attached  to  a central  persistent  column. 


Fig.  1123. 


Order  4.  Rhamnace^e. — The  plants  of  this  order  are  trees  or 
shrubs,  many  of  which  bear  thorns.  The  flowers  are  inconspicu- 
ous ; those  of  some  species  are  diclinous. 

They  are  either  pentamerous  or  tetramerous, 
but  the  carpels  are  generally  only  three  in 
number.  The  calyx  is  valvate  ; the  petals 
are  small  and  hoodlike,  and  embrace  the 
stamens  which  are  inserted  opposite  to  them. 

A fleshy  disc  lines  the  interior  of  the  calyx, 
and  the  ovary  is  partially  or  completely  sur- 
rounded by  it  so  as  to  be  almost  or  quite 
inferior.  The  fruit  in  some  species  is  capsular, 
in  others  drupaceous.  The  embryo  is  often 
green  or  yellow. 

Rhamnus  catharticus  is  dioecious  ; its  flowers 
are  dimorphic.  Ti.  purshianus  yields  Cascara 
Sagrada.  R.  infectorius  has  berries  which  produce  a yellow  dye 


Fig.  1123.  Diagram 
of  the  flower  of 
Buckthorn  ( Ilham - 
nus  catharticus). 


Order  5.  Ampelidaoeje  or  Vitace®.— The  plants  of  this 
order  are  shrubs  with  swollen  nodes ; they  are  nearly  all 
climbers,  bearing  tendrils  apparently  opposite  their  leaves. 
The  leaves  are  generally  palmate  and  bear  stipules.  In  some 
cases  they  are  simple,  in  others  compound.  The  inflorescence 
is  panicled,  often  taking  the  form  of  a thyrsus ; it  occupies  a 
similar  position  to  the  tendrils.  The  flowers  are  hypogynons 
or  slightly  perigynous ; the  calyx  is  small,  with  the  limb  often 
obsolete ; the  petals  are  valvate  in  the  bud,  and  are  often  shed 
in  a single  piece  before  they  have  expanded.  The  stamens 
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are  equal  in  number  to  the  petals  and  opposite  to  them.  A 
5-lobed  disc  is  between  the  stamens  and  the  pistil.  The  ovary 
is  2-celled,  with  two  erect  ovules  in  each  cell ; the  fruit  is  a 
berry. 

The  tendrils  are  axial  structures,  the  branching  being  sympodial. 
Each  tendril  is  the  termination  of  an  axis  which  bears  one  leaf  or 
two.  In  the  former  case  the  bud  in  the  axil  of  the  leaf  develops 
strongly  and  forms  a part  of  the  sympodium,  the  tendril  being 
displaced  laterally  by  the  stronger  growth  of  the  branch.  The 
parts  of  the  sympodium  consist  alternately  of  one  and  of  two 
internodes,  so  that  every  third  leaf  has  no  tendril  opposite  to  it. 
Each  leaf  has  a bud  in  its  axil ; in  the  case  of  the  leaves  which  are 
apparently  opposite  to  the  tendrils,  this  is  an  accessory  bud  to  the 
sympodial  shoot ; in  the  case  of  the  other  leaves  it  is  the  only  one 
produced,  and  is  therefore  a normal  bud.  These  buds  either  remain 
undeveloped,  or  give  rise  to  dwarf  shoots.  The  inflorescences  are 
terminal,  becoming  displaced  in  the  same  way  as  the  tendrils. 


Cohort  4. — Saipindales. 

The  plants  are  chiefly  trees  or  shrubs.  The  calyx  has  an 
imbricate  aestivation  ; the  gynoecium  is  usually  syncarpous,  the 
ovules  ascending,  with  a ventral  raphe.  The  seeds  are  usually 
exalbuminous. 

Order  1.  Sapindaceje. — The  plants  of  this  order  are  trees  or 
shrubs,  many  of  which  climb  by  means  of  branch-tendrils.  The 


Fio.  1124. 


Fig.  1125. 


Fig.  1126. 


Fid  1124  Diagram  of  the  flower  of  the  Horsechestnut  Esculus  Hippo- 

castanum ). Fig.  1128.  Vertical  section  of  the  flower. Fig.  1126. 

Vertical  section  of  the  seed. 


leaves  are  compound.  The  flowers  are  obliquely  zygomorphic, 
having  two  petals  longer  than  the  other  three.  The  stamens 
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are  typically  twice  the  number  of  the  petals,  but  are  placed  in  a 
single  whorl.  Two  or  three  of  the  antisepalous  stamens  are  often 
suppressed  {fig.  1 124) . There  is  a disc  external  to  the  androecium  ; 
the  ovary  is  3-celled,  with  one  to  two  ovules  in  each  cell ; the 
seeds  are  exalbuminous,  and  the  embryo  is  often  bulky  and 
curved  (fig.  1126). 

This  order  lias  been  divided  into  four  sub-orders  as  follows : — 
Sub-order  1.  Sapindece—  Leaves  alternate.  Ovules  usually  solitary. 

Embryo  generally  curved  or  sometimes  straight. 

Sub-order  2.  Hippocastanecc. — Leaves  opposite.  Ovules  two  in  a cell, 
of  which  one  is  ascending,  and  the  other  suspended.  Embryo 
curved,  with  a small  radicle  and  large  fleshy  consolidated  cotyle- 
dons. 

Sub-order  3.  Dodonece. — Leaves  alternate.  Ovules  two  or  three  in  a 
cell.  Embryo  spiral. 

Sub-order  4.  Meliosmea1. — Leaves  alternate.  Flowers  very  irregular. 
Stamens  five,  three  of  which  are  abortive,  and  only  two,  therefore, 
fertile.  Ovules  two  in  each  cell,  suspended.  Fruit  drupaceous. 
Embryo  folded  up. 

Bentham  and  Hooker  include  the  Meliosmea;  in  the  order 
Sabiacecc. 

These  plants  are  chiefly  found  in  tropical  regions,  especially  those 
of  South  America  and  India  ; some  occur  in  temperate  climates,  but 
none  inhabit  the  cold  northern  parts  of  the  globe.  There  are  no 
native  plants  of  this  order  in  Europe.  The  Horsechestnut,  now  so 
well  known  in  this  country,  is  only  naturalised  among  us.  There 
are  nearly  400  species. 

One  of  the  most  prominent  characteristics  of  the  plants  of  this 
order  is  the  presence  of  a saponaceous  principle,  from  which  its 
common  name  is  derived.  Many  are  poisonous  in  all  their  parts  ; 
but  it  is  more  frequently  the  case  that,  while  the  root,  leaves,  and 
branches  are  dangerous,  the  fruits  are  innocuous,  or  even  palatable. 
It  sometimes  happens,  as  in  the  Litchi  and  Longan  fruits,  that 
while  the  pericarp  is  wholesome,  the  seeds  are  dangerous.  Some 
plants  of  the  order  are  astringent  and  aromatic ; others  are  dia- 
phoretic, diuretic,  and  aperient ; and  some  are  valuable  timber  trees. 

Order  2.  Ackrace^e. — This  order  is  included  in  the  last 
by  Bentham  and  Hooker,  who  consider  it  only  a tribe  of 
Sapindacese.  The  flowers  are  regular,  and  the  gynoecium  is 
composed  of  only  two  carpels.  In  some  species  the  flowers  are 
diclinous  and  polygamous.  The  stamens  are  typically  ten,  but 
the  two  median  ones  are  suppressed.  The  fruit  is  a samara. 
The  embryo  has  a pair  of  wrinkled  cotyledons. 
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Order  3.  Staphyleacete. — A small  order  of  shrubby  plants 
generally  included  in  Sapindacece.  There  are  only  fourteen  species. 

Order  4.  Sabiace/e. — A small  order  found  in  the  East  Indies. 
There  are  only  two  genera  and  nine  species.  They  closely  resemble 
the  Anacardiacccc,  but  are  distinguished  from  the  latter  by  having 
antipetalous  stamens  and  distinct  carpels. 

Order  5.  Anacaivm ace/e. — The  plants  of  this  order  are  mainly 
tropical  trees  or  shrubs,  with  simple  or  compound  exstipulate  leaves 

and  a milky  acrid  or  resinous  juice. 
The  flowers  are  usually  actinomorphic, 
and  in  many  cases  diclinous  ; the  sta- 
mens vary  in  number,  being  in  some 
cases  isomerous  with  the  petals,  in 
others  twice  as  numerous,  and  in 
others  indefinite ; their  insertion  is 
perigynous.  In  some  cases  there  is  a 
disc,  but  in  others  it  is  absent. 

The  plants  of  this  order  are  chiefly 
found  in  the  tropical  regions  of  the 
globe,  although  a few  are  found  in  the 
south  of  Europe  and  in  other  extra- 
tropical  warm  districts.  There  are 
about  110  species. 

Several  species  of  Rhus  are  cul- 
tivated in  this  country.  R.  Toxi- 
codendron, the  poisonous  Sumach,  grows  in  North  America.  Mangi- 
fera  indica  is  the  Mango  tree.  Pistachio,  vera  yields  edible  seeds  ; 
P.  terebintlius  yields  turpentine. 


Fig.  1127.  Flowering  branch  of  the 
fill iix  Cotinns,  or  Wig-tree,  with 
one  branch  bearing  fruit,  and  the 
others  covered  with  liair-likc  ap- 
pendages and  sterile. 


Anomalous  Orders. 

CoitiAiiiACE/E. — A small  order  whose  affinities  seem  to  be  with 
Oclinacctc,  with  which  it  agrees  in  having  distinct  carpels  placed  on 
an  enlarged  disc.  It  differs  from  that  order  by  having  opposite 
leaves,  sometimes  polygamous  flowers,  persistent  fleshy  petals,  long 
linear  distinct  stamens,  and  no  style. 

Moiunoace/e A small  order  comprising  only  four  species. 

They  are  trees  with  bi-  or  tri-pinnate  leaves  and  thin  deciduous 
stipules.  The  calyx  is  lined  by  a fleshy  disc.  The  ovary  is  stalked, 
superior,  1-celled,  with  three  parietal  placentas.  The  fruit  is  a long 
capsule  with  loculicidal  dehiscence. 
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Artificial  Analysis  of  the  Orders  in  the  Sub-class 
Polypetalce. 

Series  2.  Disciflor.e. 


1.  Flowers  with  more  than  20  stamens. 

Carpels  more  or  less  distinct  (at  least  as  to  the 

styles),  or  solitary,  superior  or  partially  in- 
ferior. Stamens  perigynous  ....  Anacardiacece. 
Carpels  wholly  combined  (at  least  as  to  the 

ovaries),  superior.  Stamens  hypogynous  . Humiriacece. 

2.  Flowers  with  less  than  20  stamens. 


. Leaves  generally  without  stipules. 
a.  Carpels  more  or  less  distinct,  or  solitary. 

Leaves  without  dots. 

Albumen  abundant  ..... 

. Zygophyllacece. 

Albumen  absent  ..... 

. Anacardiacece. 

Leaves  dotted  ...... 

. Burseracece. 

b.  Carpels  wholly  combined  (at  least  as  to  their 
ovaries). 

Styles  distinct  to  the  base. 

Calyx  valvate 

Calyx  imbricate  ....... 

Styles  more  or  less  combined. 

Calyx  valvate  or  united,  or  but  very  slightly 
imbricate. 

Stamens  hypogynous. 

Calyx  generally  enlarging  with  the  fruit  . 
Calyx  not  enlarging  with  the  fruit. 

Stamens  opposite  to  the  petals,  iso- 
merous  ...... 

Stamens  alternate  with  the  potals,  iso- 
morous. 

Leaves  compound  . . . . 

Leaves  simple  . . . . . 

Stamens  more  or  less  perigynous. 

Flowers  irregular,  ovules  suspended  . 
Flowers  regular,  ovules  erect 
Calyx  imbricate. 

Style  gynobasic. 

Stamens  arising  from  scales 
Stamens  not  arising  from  scales. 

Styles  wholly  combined. 

Flowers  perfect 

Flowers  polygamous  . . . I 


Vivianiacece . 
Linaceie. 


Olacacece. 


Ttliamnacece 


Burseracece. 

Icacinacece. 

Tropceolacece. 

Limnanthacece. 


Simartt  bacece. 


Rutacece. 
Zanthoxylece  of 
Rutacece. 
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Styles  divided  at  the  apex. 

Flowers  irregular,  fruit  usually  with 
elastic  valves  .... 

Style  not  gynobasic. 

Calyx  much  imbricate,  in  an  irregular 
broken  whorl. 

Petals  with  appendages  at  their  base. 

Leaves  alternate  .... 
Petals  without  appendages  at  their  base. 
Loaves  opposite  .... 

Calyx  but  little  imbricate,  in  a complete 
whorl. 

Carpels  4 or  more. 

Seeds  winged 

Seeds  wingless. 

Stamens  united  into  a long  tube 
Stamens  distinct,  or  nearly  so. 
Leaves  dotted. 

Seeds  amygdaloid  . . | 

Leaves  without  dots. 

Seeds  erect  .... 
Carpels  less  than  4. 

Petals  imbricate. 

Ovules  suspended  . . . . 

Ovules  erect 

B.  Leaves  generally  with  stipules. 

a.  Carpels  distinct , or  solitary. 

Carpels  several 

1>.  Carpels  wholly  combined  (at  least  as  to  their 
ovaries),  with  more  placentas  than  one. 

Placentas  parietal 

Placentas  in  the  axis. 

Styles  distinct  to  the  base. 

Petals  conspicuous,  stalked  . . . . 

Styles  more  or  loss  combined,  gynobasic. 

Gynobase  fleshy 

Gynobase  dry. 

Leaves  regularly  opposite  .... 
Leaves  more  or  less  alternate. 

Fruit  beaked 

Fruit  not  beaked  . 

Styles  more  or  less  combined,  not  gyno- 
basic. 

Calyx  much  imbricate,  in  an  irregular 
broken  whorl. 

Flowers  not  surrounded  by  an  involucre  . 


Balsa  minacece 

Sapindaoece. 

Acoracece. 

Cedrelacece. 

Meliacecr. 

Aurantiem  of 
Butacece. 

Celastracece. 

Cynllacece. 

Celastracece. 

Coriariacece. 

Moringace.ee. 

Malpighiaeece. 

Oclmacece. 

Zygophyllacece. 

Geraniacece. 

Oxalidaceee. 

Sapinelaceee. 
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Calyx  but  little  imbricate,  in  a complete 
whorl. 

Stamens  3,  sepals  and  petals  penta- 
merous 

Stamens  more  than  8. 

Calyx  glandular. 

Petals  without  appendages . 

Calyx  not  glandular. 

Leaves  simple. 

Petals  united  by  their  claws  into 

a tube 

Leaves  compound. 

Petals  distinct  . . . . . 

Calyx  valvate. 

Stamens  opposite  to  the  petals,  iso- 
merous. 

Seeds  1 in  each  cell . . . . . 

Stamens  opposite  to  the  petals  if  iso- 
merous,  anthers  versatile,  seeds  2 in 
each  cell  ...... 

Stamens  twice  as  many  as  the  petals 


Hi ppocrateacece. 
Malpighiacece. 

Stackhousiacece. 

Staphyleacece. 

Bhamnacece. 

Viiacece. 

Burseracece. 


The  following  exceptions  may  be  noted  to  the  characters  usually  dis- 
tinctive of  the  Disciflorae.  We  have  apetalous  species  in  Zygophyllacece, 
Geraniacece,  Balsaminacece,  Rutacece,  Simarubacece,  Burserac’ea ;, 
Olacacece , Celastracece,  Bhamnacece,  Sapindacece , Anacardiacece,  and 
some  others. 

Gamopetalous  corollas  are  sometimes  found  in  Humiriacece,  Rutacece, 
Balsaminacece,  Meliacece,  and  Stackhousiacece. 

In  Gerapiacece,  Balsaminacece,  Tropceolaccce,  Oxaliclacece,  Aceracece, 
Anacardiacece,  Malpighiacece,  Linacece,  &c.,  the  disc  is  small,  or  entirely 
or  partially  absent.  The  ovary  is  more  or  less  inferior  in  some  Olacacece 
and  Rhamnacece ; and  the  placentation  is  parietal  instead  of  axile  in  some 
Ochnacece  and  Moringacece. 


Synopsis  of  the  British  Natural  Orders  of  the  Series  Disciflorce. 


A.  Corolla  completely  polypetalous,  inferior. 

Calyx  imbricate  in  the  bud. 

Corolla  irregular  ....... 

Corolla  regular. 

Stamens  in  an  liypogynous  ring. 

Stamens  4—5.  Stipules  absent 
Stamens  10  Ovary  5-celled,  many-seeded  . 
Stamens  10.  Leaves  stipulate.  Ovary 
5-celled,  with  1 seed  in  each  cell  . 
Stamens  free. 

Style  solitary.  Stamens  and  petals  4 — 5, 
inserted  on  an  hypogynous  disc 


Balsaminacece . 

Linacece. 

Oxaliclacece. 

Geraniacece . 
Celastracece. 
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Calyx  valvate  in  the  hud. 

Stamens  perigynous,  opposite  to  the  petals  . . llhamnacece 

B.  Corolla  gamopetalous,  or  with  petals  connate  at 
the  base. 

Fruit  fleshy Aquifoliacece . 


Series  3. — Galyciflorje. 

The  calyx  is  usually  gamosepalous.  and  the  stamens 
perigynous  or  epigynous  ; the  gynoecium  may  be  apocarpous  or 
syncarpous. 

Cohort  1. — Rosales. 

The  stamens  arc  generally  perigynous,  but  the  epigynous 
condition  occurs  in  some  orders.  The  gynoecium  is  usually 
simple  or  apocarpous,  rarely  syncarpous.  The  ovary  is  gene- 
rally superior,  but  not  in  all  cases ; the  placentation  is  usually 
marginal  or  axile;  the  styles  arc  in  most  instances  solitary,  or 
if  numerous,  usually  distinct,  though  in  a few  cases  they  are 
coherent. 


Fig.  1128.  Fig.  1129. 


/'in.  112K.  Perigynous  flower  of  Strawberry. Fly.  1129.  Perigynous 

stamens  of  Cherry. 


Order  1.  Rosace.®. — The  plants  of  this  order  are  trees, 
shrubs,  or  herbs,  with  alternate,  stipulate,  often  compound 
leaves.  The  flowers  are  actinomorphic,  except  in  a few  cases 
which  are  zygomorphic  through  irregularity  in  size  of  the  petals  ; 
in  position  the  odd  sepal  is  posterior.  The  thalamus  shows  a 
great  deal  of  variation ; in  some  cases  it  is  convex,  in  others 
elongated,  in  others  concave,  and  in  some  tubular.  In  the  latter 
case  the  tube  may  remain  open  and  have  the  carpels  attached  to 
its  sides  and  remaining  free,  or  it  may  become  succulent  and 
surround  several  basal  carpels  which  also  become  succulent,  and 
in  the  progress  of  growth  may  become  united  with  the  fleshy 
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thalamus  and  with  each  other,  so  that  the  fruit  is  finally 
spuriously  syncarpous  and  inferior.  The  calyx  is  gamosepalous, 
sometimes  partly  adherent  to  the  receptacular  tube  ; it  has 
usually  five  sepals,  which  are  so  arranged  that  the  odd  one  is 
posterior.  It  is  in  many  cases  surrounded  by  an  epicalyx  of  five 
bract-like  bodies,  which  have  been  considered  as  the  fused 

Fici.  1130.  • Fig.  1131. 


Fig.  1130.  Flower  of  Strawberry,  surrounded  by  a stipular  epicalyx. 

Fig.  1131.  Vertical  section  of  the  flower  of  the  Rose,  r,  r.  Concave 
thalamus,  upon  which  are  placed  several  carpels,  o , o,  each  with  a style 
and  stigma,  s. 

stipules  of  the  sepals  (fig.  1130).  The  petals  are  sometimes, 
though  rarely,  absent.  The  stamens  are  usually  indefinite,  but 
the  number  varies  a good  deal,  as  few  as  four  or  five  being  met 
with  in  some  genera.  The  carpels  are  1 — oo  , apocarpous  ; they 
become  spuriously  syncarpous  in  the  tribe  Pomece.  The  fruit  may 
be  a drupe,  a cynarrhodon  or  a pome,  or  an  etserio  of  achenes  or 
of  drupels,  or  a group  of  follicles.  The  seeds  are  exalbuminous. 

The  order  has  been  divided  in  different  ways  by  many  botanists, 
but  it  may  be  conveniently  regarded  as  comprising  five  sub-orders, 
some  of  which  include  two  or  more  tribes. 

Sub-order  1.  Amygdalece  or  Drupacece. — These  are  trees  or 
shrubs  with  simple  leaves  and  caducous  stipules.  The  stamens  are 
frequently  twenty  to  thirty  ; the  pistil  is  monocarpellary  and  bears  two 
ovules ; it  becomes  a drupe,  containing  usually  a solitary  seed. 

In  the  Almond  the  mesocarp  of  the  drupe  becomes  dry,  and  the 
endocarp  is  furrowed  and  coriaceous.  Primus  Laurocerasus,  the 
Cherry  Laurel,  has  evergreen  leaves  and  resembles  in  appearance 
the  true  Laurel.  The  plants  of  this  sub-order  contain  various  gluco- 
sides,  one  of  the  products  of  decomposition  of  which  is  prussic 
acid. 
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Sub-order  2.  Ghrysobalanccc. — These  are  tropical  plants,  which 
differ  from  the  last  sub-order  mainly  in  having  zygomorphic  flowers 
and  a gynobasic  style. 

Sub-order  3.  Rosece.  —These  are  shrubs  or  herbs  with  simple  or 
compound  leaves  and  generally  adherent  stipules.  The  carpels  are 


Fiy.  1 132.  Diagram  of  the  flower  of  a speoies  of  Hose,  with  live  sepals,  five 
petals,  numerous  stamens,  and  many  distinct  carpels. Fig.  1)33.  Ver- 

tical section  of  tiie  flower. 

one  or  more,  superior,  and  free  from  the  tube  of  the  thalamus ; the 
styles  are  lateral  or  nearly  terminal. 

In  the  tribe  Spirceece  there  are  five  cyclic  carpels,  and  the  fruit  is 
five  follicles.  In  some  species  the  carpels  unite  together  and  form  a 
simple  gyncecium  with  free  styles,  thus  approaching  the  Pomece.  In 
the  Neuradctc  they  also  unite  with  the  receptacle. 

In  the  tribe  Potentillece  the  flower  has  a conspicuous  epicalyx, 
generally  held  to  be  of  stipular  origin.  The  receptacle  or  thalamus 
becomes  convex,  but  may  be  either  dry,  as  in  Potentilla,  or  succulent, 
as  in  Fragaria  (the  Strawberry).  It  bears  a large  number  of  achenes. 
Gcum  has  a curiously  bent  style,  forming  a kind  of  hook  which  is 
instrumental  in  the  dispersion  of  the  fruits.  Dryas  has  usually 
eight  to  ten  petals. 

In  the  tribe  Rubece  the  structure  of  the  fruit  is  much  like  that  of  the 
Potcntilletc,  but  the  receptacle  remains  always  dry  and  bears  a col- 
lection of  drupels.  In  the  liaspberry  (Rubus  Idccus)  these  unite 
together  and  separate  from  the  receptacle.  In  this  tribe  the  flowers 
have  no  epicalyx.  The  plants  frequently  bear  numerous  prickles. 

In  the  tribe  Rosece  the  fruit  is  a cynarrhodon  ; the  achenes,  which 
are  very  hard,  line  its  sides.  Like  the  last  tribe,  this  includes  a 
number  of  prickly  plants. 

Sub-order  4.  Sanguisorbeceov Poteriece.  —These  are  herbs  or  under- 


Fig.  1132. 


Fig.  1133. 
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shrubs.  The  flowers  in  some  cases  are  diclinous,  and  the  corolla  is  in 
many  species  wanting.  The  carpels  are  one  to  three,  and  the  timt 
sunk  in  the  tube  of  the  thalamus,  which  becomes  indurated  as  the 
seed  ripens.  Alcliemilla  has  an  epicalyx  of  four  leaves,  four  sepals, 


Fig.  1136.  Fig.  1137. 


Fig.  1138.  Fig.  1139.  Fig.  1140- 


Fig.  1134.  Vertical  section  of  tlic  flower  of  the  Peach  ( Primus  [ Aimjgdalvs ] 

persica ). Fig.  1135.  Vertical  section  of  the  flower  of  the  Quince  ( Ptjrns 

Cydonia). Fig.  1136.  Two-celled  anther  with  part  of  the  filament  of  a 

species  of  Jtubux. Fig.  1137.  Vertical  section  of  the  flower  of  a species 

of  Alcliemilla. Fig.  1138.  Vertical  section  of  the  fruit  (drupe)  of  the 

Cherry  ( Primus  Ceratus).  rp.  Kpioarp.  me.  Mesocarp.  en.  Endocarp, 

within  which  is  the  seed  with  embryo. Fig.  1139.  Vertical  section  of 

an  aclifenium  of  a species  of  llose. Fig.  1140.  Vertical  section  of  the 

ovary,  a,  of  a species  of  Hiibu-i,  with  the  ovule,  ov. 


no  petals,  and  four  stamens  alternating  with  the  sepals.  Sanguisorba 
has  the  four  stamens  opposite  to  the  sepals ; Poterium  has  twenty 
to  thirty  stamens. 

Sub-order  5.  PomeeB. — The  plants  of  this  sub-order  are  trees  or 
shrubs  with  simple  leaves  and  caducous  stipules.  The  flowers  have 
generally  twenty  or  twenty-five  stamens  arranged  in  three  whorls. 
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There  are  one  to  five  carpels,  which  unite  with  each  other  and  with  the 
succulent  receptacular  tube  as  already  described.  The  carpels  with  the 
receptacle  thus  form  a spurious  fruit,  on  the  summit  of  which  the 
calyx  persists. 

There  are  two  varieties  of  the  fruit ; in  the  Apple,  Pear,  Quince, 
<fec.,  the  endocarp  is  papery,  while  the  rest  of  the  pericarp  is  distin- 
guishable with  difficulty  from  the  receptacular  tube ; in  the  Haw- 
thorn, Medlar,  &c.,  the  endocarp  is  bony. 

The  arrangement  of  the  stamens  in  Rosaceaj  presents  some  rather 
singular  features.  Though  frequently  indefinite,  they  are  not  arranged 
spirally  as  in  Ranunculaccce.  In  the  simplest  forms,  as  in  some 
members  of  the  tribe  Poterieie,  they  are  equal  in  number  to  the  petals, 
and  often  alternate  with  them.  In  some,  of  the  Hawthorns  the 
typical  five  constituting  a single  whorl,  become  ten  by  what  has  been 
called  parapetalous  multiplication.  The  ten  form  but  one  whorl,  but 
are  placed  in  pairs  which  are  alternate  with  the  petals.  The  paired 
arrangement  is  not  at  first  very  obvious,  but  measurement  will  show 
that  the  space  between  two  stamens  before  each  petal  is  rather 
wider  than  that  between  any  two  opposite  to  a sepal.  In  certain 
other  species  of  Cratcegus,  and  in  Nuttallia,  there  are  fifteen  stamens, 
a whorl  arising  inside  the  whorl  of  five  pairs,  and  its  members  being 
opposite  the  middle  of  each  petal.  In  the  Pomece  there  are  in  some 
cases  twenty  stamens,  an  additional  whorl  of  five  being  intercalated 
opposite  to  the  outer  pairs.  In  the  Pomeaa  with  twenty-five  stamens, 
the  second  circle  has  ten  stamens  in  pairs  instead  of  five  single  ones. 
In  some  other  species  there  are  from  thirty  to  fifty,  probably  in  circles 
of  ten  each.  The  explanation  given  by  Asa  Gray,  who  has  called 
attention  to  this  peculiar  arrangement,  is  that  chorisis  of  the  original 
prominences  is  the  cause  of  the  singular  doubling  of  the  numbers  in 
the  whorls,  and  that  the  increased  number  of  the  whorls  is  due  to 
ordinary  regular  augmentation  of  circles.  It  has  not,  however,  found 
acceptance  by  all  botanists. 

Order  2.  Connaracejs. — This  is  a small  family  of  tropical  shrubs 
with  alternate  pinnate  leaves  without  stipules.  The  flowers  are 
pentamerous,  the  stamens  monadelphous,  and  the  fruit  a follicle. 
The  seed  is  furnished  with  an  aril. 

Order  3.  Lkgu.minos/e. — The  most  characteristic  feature  of 
this  order  is  the  monocarpellary  gyncecium,  which  has  its 
ventral  suture  posterior.  It  develops  usually  into  a pod  or 
legume,  from  which  the  name  of  the  order  is  derived.  It  is, 
however,  in  a few  cases  a follicle  or  a pyxis  ( Trifolium ),  or  a 
berry  or  a drupe  ; in  a few  species  it  is  a lomentum,  and  it  is  a 
nut  in  Melilotus.  The  plants  of  the  order  arc  trees,  shrubs,  or 
herbs,  with  usually  compound  stipulate  leaves  whose  leaflets  in 
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some  cases  bear  stipels,  and  with  racemose  inflorescences.  The 
flowers  are  generally  zygomorphic  and  pentamerous ; the  calyx 
has  the  odd  sepal  anterior,  contrasting  thus  with  the  Bosacece  ; 
it  is  gamosepalous.  The  stamens  vary  in  the  different  sub- 
orders. The  seeds  are  exalbuminous  in  the  British  species. 

Many  plants  of  this  order  possess  the  peculiar  property  of 
being  able  to  bring  into  combination  and  absorb  the  free  nitro- 
gen of  the  air.  This  is  connected  with  a symbiotic  association 
with  a particular  micro-organism,  the  symbiosis  resulting  in  the 
development  of  peculiar  tubercular  bodies  on  the  roots.  The 
details  of  the  fixation  of  the  nitrogen  have  not  at  present  been 
ascertained.  Many  plants  of  the  order  exhibit  the  possession 
of  peculiar  sensitiveness  to  contact  and  to  changes  in  their 
environment.  Nyctitropic  movements  are  manifested  by 
several.  In  some  species,  especially  the  Australian  Acacias,  the 
blade  of  the  leaf  does  not  persist,  and  the  flattened  petiole  or 
phyllode  takes  on  the  function  of  the  blade.  Lathyrus  Nissolia, 
an  English  species,  also  bears  phyllodes.  In  L.  A-phaca  the 
whole  axis  of  the  leaf  is  transformed  into  a tendril,  and  the 
stipules  become  large  and  foliaceous. 

There  is  a very  close  alliance  between  Legiminosce  and 
Bosacece ; indeed  it  is  difficult  to  find  a character  that  absolutely 
distinguishes  between  them.  The  Amygclalece  and  Chrysoba- 
laniece  approach  those  Leguminosas  whose  fruit  is  a drupe. 
The  Spirceece,  like  some  other  species  of  the  latter  order,  bear 
follicles.  The  indefinite  number  of  the  stamens  of  most  Rosaceas 
is  met  with  again  in  the  tribe  or  sub-order  Mimosece.  The  only 
constant  feature  of  difference  is  the  position  of  the  unpaired 
sepal,  which  is  anterior  in  Leguininose  and  posterior  in 
Rosacea;. 

The  Leguininosae  are  divided  into  three  sub-orders  as 
under : — 

Sub-order  1.  Pajnlionacece. — All  the  British  plants  of  the 
order  belong  to  this  group.  It  is  marked  by  its  conspicuously 
zygomorphic  flowers  with  the  peculiar  estivation  of  the  corolla. 
The  calyx  is  gamosepalous  and  persistent,  in  some  cases 
almost  bilabiate.  The  corolla  consists  of  five  petals,  the 
posterior  of  which  is  the  largest,  and  is  in  many  species  bent  in 
the  centre  at  nearly  a right  angle  (fig.  1141).  This  is  known 
as  the  vexUlum,  or  standard.  In  its  estivation  it  covers  the 
margins  of  the  next  two  petals,  the  alee  or  wings , and  these  in 
turn  cover  those  of  the  two  most  interior,  which  are  slightly 
attached  to  each  other  and  form  a boat-shaped  body,  the  carina 
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or  keel.  All  these  four  petals  are  very  irregular  in  shape. 
Their  arrangement  is  shown  in  fig.  1145.  There  are  ten 
stamens,  which  arise  in  two  whorls ; but  by  a displacement 
similar  to  that  occurring  in  the  Geraniaceie  their  filaments 
come  to  be  apparently  on  the  same  level,  and  are  arranged 
in  a few  cases  to  form  a continuous  sheathing  band  round 
the  pistil ; this  band  extends  halfway  towards  the  anthers, 
and  the  upper  half  of  each  filament  is  free.  In  most  cases  only 
nine  of  the  filaments  are  thus  united  and  form  a kind  of 
trough  round  the  pistil,  the  groove  of  which  is  uppermost  and  is 


Fig.  1141.  Fig.  1142.  Fig.  1143. 


pin,  1111.  Tlie  flower  of  the  Pea  ( 1‘isiim ).  cl.  Standard  or  vcxillum,  ai. 

Winns  or  ala.  car.  Carina  or  keel  enclosing  the  sporophylls.  c.  Calyx. 

l id.  1142.  The  sporophylls  of  the  same  surrounded  by  the  calyx  c. 

«'«.  JJundlo  of  nine  stamens,  el.  Solitary  stamen,  si.  Style  and  stigma.—— 

pig,  j 143.  Legume  of  the  same,  with  one  valve  removed. tip.  1144. 

Diadclplious  stamens  of  the  Sweet  Pea  (I.athimis  odoralus).  surrounding 
the  simple  pistil.  There  are  ten  stamens,  nine  of  which  are  united  and 
one  free. /•'»>/.  1 145.  Diagram  of  flower  of  Lathyrux. 

roofed  in  by  the  tenth  stamen.  The  trough  usually  contains 
honey.  The  stamens  are  thus  monadelphous  or  diadelphous. 
In  most  cases  all  the  filaments  arc  approximately  of  a length, 
and  the  anthers  arc  all  crowded  into  the  front  part  of  the  keel. 
In  others  the  filaments  of  the  two  whorls  are  of  different  lengths, 
so  that  five  anthers  are  distinctly  in  advance  of  the  other  five. 
In  a few  species,  which  are  all  foreign,  the  stamens  are  free. 
There  is  a solitary  carpel  which  becomes  in  fruit  a legume  or 
pod  and  bears  a row  of  ovules  along  its  ventral  suture.  The 
seeds  are  exalbuminous,  and  the  cotyledons  large  and  fleshy. 
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The  process  of  cross  fertilisation  in  the  Papilionaeeae  is 
carried  out  by  insects,  chiefly  bees.  The  pollen  is  shed  from 
the  anthers,  usually  into  the  apex  of  the  keel,  which  is  full  of  it. 
An  insect  alighting  upon  the  wings  and  keel,  which  form  a 
resting-place  for  it,  causes  by  its  weight  a certain  amount  of 
the  pollen  to  be  squeezed  out  through  the  lip  of  the  keel  upon 
its  under  surface.  When  the  insect  visits  a flower  whose  pollen 
has  all  been  exhausted  by  repeated  visitors,  the  stigma  is  pro- 
truded through  the  same  aperture.  In  most  cases  the  stigma  is 
not  mature  or  capable  of  pollination  till  the  pollen  has  been  dis- 
charged. There  are  many  variations  of  detail  in  the  mechanism, 
a full  discussion  of  which  is  beyond  our  present  limits.  In 
Sarothamnus  and  some  other  genera  the  pollen  is  not  shed 
into  the  keel,  but  the  stamens  are  curled  up  and  confined  there, 
being  released  with  a kind  of  explosion  when  an  insect  settles  on 
the  flower.  The  pollen  is  by  the  force  of  their  elastic  recoil 
shaken  upon  the  insect  in  different  but  definite  places,  exactly 
where  the  stigma  of  the  next  flower  visited  will  fall. 

The  stamens  are  free  in  the  tribes  Sophorece  and  Poda- 
lyriece  ; the  monadelphous  condition  is  met  with  in  the  British 
genera  Ulex,  Genista,  Sarothamnus,  Ononis,  and  Anthyllis. 

Sub-order  2.  Ccesalpinece. — These  plants  have  a zygomorphic 
flower,  with  an  aestivation  which  is  exactly  the  reverse  of  that 


Fig.  1146.  Fig.  1147. 


/•'('</.  1 146.  Diagram  of  the  flower  of  one  of  the  Ccesrtlpinea:. Fig.  \ it  7 

Diagram  of  the  flower  of  Mimosa. 

of  the  Papilionaeeae,  the  posterior  petal  being  small  and  most 
internal.  They  are  mainly  arborescent  in  habit.  The  zygo- 
morphy  is  not  so  well  marked  as  in  the  last  sub-order ; the 
calyx  is  gamosepalous  and  the  stamens  are  free,  and  in  many 
cases  some  of  them  are  abortive.  The  fruit  shows  considerable 
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variety,  that  of  several  species  being  indehiscent.  The  seeds  in 
many  cases  are  albuminous. 

Sub-order  3.  Mimosece. — In  this  sub-order  the  flowers  are 
regular  and  actinomorphic ; the  stamens,  normally  ten,  are  in 
some  genera  fewer  and  in  others  indefinite.  They  protrude 
beyond  the  perianth,  and  may  be  either  free  or  monadelphous. 
The  inflorescence  of  some  species  is  a capitulum.  In  several  cases 
the  seeds  are  albuminous. 

Order  4.  Saxifragacetk. — The  plants  of  this  order  are  herbs 
which  generally  have  alternate  or  spiral  phyllotaxis.  The 


Fig.  1148. 


Fig.  1149. 


Fin.  11  IK.  Saxifraga  tridactyWe ».  Tlio  leaves  me  trilid  anil  wedp-sluiped, 

mid  the  flowers  arranged  in  a cyme. Fig.  1149.  Vertical  section  ol  tl 

flower.  Fig.  1100.  Vertical  section  of  tlie  seed. 


leaves  are  exstipulate,  but  have  a broad  base.  The  inflorescence 
is  as  a rule  cymose.  The  flower  is  often  irregular  in  con- 
sequence of  the  suppression  of  some  of  its  parts,  the  petals 
particularly  being  sometimes  wanting.  The  typical  flower  o 
the  order  is  4 — 5-merous  with  obdiplostemony  ; it  has  geneia  y 
two  carpels,  which  are  often  partially  or  wholly  inferior.  The 
carpels  are  frequently  united  at  their  bases  only,  so  that  the 
ovary  is  unilocular  below,  but  is  bilocular  above.  T le  st} 
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are  divaricating.  Some  of  the  tribes  have  four  to  five  carpels.  The 
ovary  is  frequently  inferior  {fig.  1149)  or  partially  so ; in  the 
latter  case  the  receptacular  tube  leaves  the  carpels  about  half- 
way up  their  length.  The  seeds  are  albuminous. 

The  order  is  divided  into  several  tribes  as  under : — 

1.  Saxifrages. — The  British  genera  of  this  tribe  are  Saxifraga 
and  Chrysosplenium.  In  the  former  the  fruit  is  a 2-eelled  capsule, 
which  opens  along  the  ventral  suture  between 

the  two  styles.  The  latter  has  no  corolla,  and  ]?IG.  ngj> 

its  capsule  is  1-celled. 

2.  Parnassieie. — The  flowers  in  this  tribe 
are  perigynous  and  often  actinomorphic.  The 
ten  stamens  of  the  order  are  represented  by  the 
five  stamens  of  the  inner  whorl,  and  the  outer 
antipetalous  whorl  is  replaced  by  five  stand  - 
nodes  of  peculiar  form  (fig.  1151).  The  pistil 
has  from  four  to  five  carpels.  The  obdiplo- 
stemonous  condition  of  the  order  must  be  borne 
in  mind,  as  the  staminodes  really  represent  the 
properly  inner  whorl  of  the  andrcecium. 

3.  Francoea. — A small  tribe  of  South 
American  herbs  with  no  apparent  stems.  The  minoile. 
flowers  are  tetramerous  throughout,  and  the 

stamens  are  in  four  whorls  of  four  each,  two  of  them  consisting  of 
scaly  staminodes. 

4.  Escalloniea. — A family  of  South  American  shrubs  with  leathery 
glandular  leaves.  The  flowers  are  pentamerous ; but  the  ovary  is 
often  only  2-celled,  and  is  crowned  by  a cone-shaped  disc. 

5.  Philadelphea. — The  flowers  are  actinomorphic,  and  the  ovary 
is  inferior.  The  stamens  are  in  two  whorls,  in  regular  alternation 
with  the  other  parts  of  the  flower. 

6.  Hydrangea. — These  resemble  the  last  tribe,  with  which  they 
are  sometimes  included.  The  stamens  differ  from  those  of  the 
Philadelphea  in  being  obdiplostemonous.  The  flowers  of  Hydrangea 
are  arranged  in  a panicle,  the  marginal  ones  being  sterile.  In 
cultivation  all  become  so. 

7.  Cunoniea. — These  plants  are  arborescent,  and  have  opposite  or 
whorled  leaves  with  large  interpetiolar  stipules. 

8.  Ribesiea. — The  flowers  of  this  tribe  have  only  five  stamens  and 
an  inferior  bicarpellary  ovary,  which  in  fruit  becomes  a berry  with 
two  parietal  placentre. 

Ribes  Grossularia,  the  Gooseberry,  and  a few  other  species  bear 
branched  or  unbranclied  prickles,  which  are  emergences  springing 
from  the  bases  of  the  petioles.  Several  species  are  cultivated  for 
their  flowers  or  fruits. 
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Order  5.  Crassulack/e. — Tlie  plants  of  this  order  are  herbs 
or  shrubs,  with  entire  or  pinnatifid,  succulent  or  fleshy,  ex- 
stipulate  leaves,  often  arranged  in  rosettes.  The  flowers  are 
remarkable  for  their  regular  symmetry.  They  are  isomerous, 
and  as  a rule  diplostemonous.  The  number  of  leaves  in  each 
floral  whorl  is  generally  five,  but  may  range  between  three  and 
twenty.  The  stamens  are  frequently  almost  hypogynous. 
The  carpels  are  opposite  to  the  petals,  and  each  bears  a scale  on 
its  outer  side.  The  fruit  is  in  most  cases  a whorl  of  follicles,  but 
a capsule  is  met  with  in  the  tribe  Diamorplieee.  The  ovules 
are  numerous,  and  the  seeds  albuminous. 

The  order  includes  the  two  tribes  Crasmlece  and  Diamor- 
pliccc. 

Order  6.  Dhoskhacka'.. — A small  order  of  plants  which  have  the 
peculiar  property  of  digesting  the  bodies  of  insects  which  alight 
upon  their  leaves.  They  are  herbaceous  plants,  and  generally 
inhabit  boggy  or  marshy  places,  many  of  them  growing  upon  masses 
of  Sphagnum.  The  flowers  are  pentamerous,  and  the  stamens  are 
sometimes  twice,  thrice,  or  four  times  as  numerous  as  the  petals. 
They  are  almost  hypogynous  in  their  attachment,  so  much  so  indeed 
that  many  botanists  place  the  order  in  the  series  Thalamifiorce,  very 
near  to  the  Violaceic.  The  pistil  is  composed  of  three  to  five  carpels, 
which  form  a capsular  fruit  with  parietal  placentation. 

The  plants  of  the  order  possess  slightly  acid  and  acrid 
properties.  They  are  chiefly  interesting  from  the  peculiar  irri- 
tability of  the  glands  on  their  leaves.  Thus,  the  leaves  of  the 
Droseras  arA  fringed  with  stalked  glands,  which  curve  over  and 
imprison  any  insects  that  alight  upon  the  leaf-blade ; the  plant 
known  as  Venus’s  Flytrap  (Dioncea  muscipula),  a native  of  North 
America,  lias  2-lobed  leaves,  eacli  lobe  furnished  on  its  upper 
surface  with  three  stiff  hairs ; these,  when  touched,  cause  the  two 
lobes  of  the  leaf  to  shut  together  face  to  face  and  enclose  the 
object  touching  them.  The  glands  in  these  plants  secrete  a viscid 
acid  digestive  fluid,  so  that  insects  which  are  imprisoned  by  them 
become  ultimately  dissolved  and  absorbed  for  their  nourishment. 

Order  7.  Hamamklidace/k.— A small  order  of  arborescent  plants. 
The  flower  is  tetramerous  or  pentamerous,  the  corolla  sometimes 
absent,  the  stamens  diplostemonous,  but  the  antipetalous  ones  are 
represented  by  scaly  staminodes.  The  ovary  is  more  or  less  inferior, 
and  forms  a 2-celled  capsular  fruit. 

Order  8.  Biiuniace/e A small  order  of  South  African  plants ; 

they  are  heath-like  shrubs  with  pentamerous  flowers.  The  ovary  is 
half  inferior  in  some  species,  but  in  others  superior. 

Order  9.  Haloragace/e. — The  plants  of  this  order  are  small  herbs 
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Fig.  1152. 


or  shrubs,  and  are  generally  of  aquatic  habit.  The  flowers  are  small, 
and  in  several  cases  diclinous.  The  symmetry  is  typically  tetra- 
merous,  which  is  shown  in  Myriophyllum.  The  stamens  are  diplo- 
stemonous,  and  the  ovary  is  in- 
ferior, generally  consisting  of  four 
carpels.  The  plants  of  the  order 
show  a continuous  degradation  from 
the  type  ; Gunnera  has  fairly  regu- 
lar dimerous  symmetry  ; Hippuris 
has  no  corolla,  and  but  a rudi- 
mentary calyx,  a single  stamen, 
and  only  one  carpel. 

The  order  is  placed  here  by 
Bentham  and  Hooker,  but  many 
writers  regard  it  as  allied  to  the 
Onagracecs  of  the  next  cohort.  It 
resembles  them  in  the  tetramerous  symmetry  and  the  inferior  ovary, 
but  differs  from  them  in  having  solitary  pendulous  albuminous  seeds. 

Gunnera  is  peculiar  in  the  anatomical  structure  of  its  stem,  and 
in  exhibiting  curious  cavities  in  its  cortex,  in  which  are  found  colonies 


Fig.  1152.  Whorled  leafy  bracts  and 
solitary  axillary  flowers  of  Mare’s  Tail 
( Hippuris  vulgaris). 


of  Nostoc. 

Bentham  and  Hooker  include  the  tribe  Callitrichece  in  this  order. 
Other  botanists  have  included  it  in  the  Euphorbiacece.  The  flowers 
resemble  those  of  Hippuris  in  their  simplicity,  but  they  have  an 
ovary  which  is  bilocular  or  spuriously  quadrilocular,  and  contains  four 
ovules. 


Cohort  2. — Myrtales. 

The  leaves  are  in  most  cases  simple  and  opposite  ; the 
flowers  are  cyclic,  and  either  epigynous  or  perigynous  ; there  are 
two  whorls  of  stamens,  which  are  often  obdiplostemonous ; 
the  pistil  is  syncarpous,  the  style  undivided,  and  the  placentation 
usually  axile ; the  seeds  are  without  endosperm. 

Order  1.  Myktace.-e. — The  plants  of  this  order  are  arbo- 
rescent, and  have  well-marked  vegetative  characters.  Their 
leaves  are  opposite,  exstipulate,  entire ; somewhat  leathery  in 
texture,  and  having  a vein  running  just  within  their  margins. 
They  are  plentifully  supplied  with  reservoirs  of  etherial  oil, 
which,  when  looked  at  by  transmitted  light,  give  the  leaves  the 
appearance  of  being  studded  with  pellucid  dots.  In  this  respect 
they  resemble  the  Butacece  and  the  Hypericacece.  The  flowers 
are  regular ; the  perianth  is  2-seriate,  the  calyx  and  corolla 
having  the  same  number  of  leaves,  usually  four  or  five.  The 
stamens  are  often  very  numerous  (fig.  1153),  the  number 
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arising  from  branching  of  the  original  prominences,  which 
are  usually,  though  not  always,  antipetalous.  Some  species 
have  two  whorls  of  unbranched  stamens,  which  are  obdiplo- 
stemonous.  The  pistil  is  composed  of  two  to  five  carpels,  which  are 


Fig.  1153.  Fig.  1154. 


coherent  and  are  sunk  in  a receptacular  tube,  so  that  the  ovary 
is  inferior.  The  styles  are  coherent  through  their  whole 
length.  There  are  sometimes  numerous  seeds.  There  is  a 
good  deal  of  variety  in  the  fruit,  but  a berry  is  frequently 
found.  The  placentation  may  be  axile  or  parietal. 

The  order  includes  the  following  tribes: — 

1.  Myrtcee,  with  baccate  or  drupaceous  fruit.  Tbe  young  flower- 
buds  of  Eugenia  caryophyllata  form  tbe  spice  known  as  Cloves. 

2.  Lcptospermece. — This  tribe  is  chiefly  Australian  and  West 
Asian.  The  fruit  is  a capsule.  The  Australian  Gum  trees  form  the 
genus  Eucalyptus.  They  are  sometimes  of  gigantic  size,  reaching  a 
height  of  nearly  500  feet.  The  arrangement  of  the  leaves  in  the  adult 
plants  is  peculiar,  as  they  present  their  edges  instead  of  their  sur- 
faces to  the  stem.  In  some  genera  tbe  floral  axis  continues  to  grow 
after  flowering. 

3.  LecytMdcce. — This  is  an  American  group,  with  zygomorphic 
flowers  and  leaves  without  oil  glands.  The  fruit  is  large  and  woody, 
and  dehisces  in  many  cases  by  a kind  of  lid.  Bertholletia,  the 
Brazil-nut,  belongs  to  this  tribe. 

4.  ChamcelauciecB.— This  tribe  is  exclusively  Australian ; the 
plants  are  heath-like,  with  evergreen  dotted  leaves  and  a pappus-like 
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calyx.  They  have  a 1-celled  ovary,  and  their  fruit  is  a 1-seeded 
nut. 

5.  Paniccte  or  Gretna  tea'. — The  plants  of  this  group  are  confined 
to  southern  Europe  and  western  Asia.  The  leaves  have  not  the 
glands  nor  the  marginal  veins  of  the  typical 
Myrtacese.  The  fruit  is  the  so-called  balausta, 
which  consists  of  two  whorls  of  carpels,  one 
above  the  other  (fig.  1155).  The  inner  whorl 
has  three  carpels,  and  the  outer  five.  During 
the  growth  of  the  wall  of  the  ovary  these 
become  inverted,  so  that  the  inner  whorl 
becomes  the  lowest.  The  seeds  are  attached 
to  the  angles  of  the  carpels. 

Tribes  3,  4,  and  5 are  by  some  botanists 
considered  to  be  Natural  Orders. 

Order  2.  Rhizophoracete. — This  is  an 
order  of  tropical  trees  or  shrubs  which  form  the 
so-called  Mangrove  swamps,  growing  as  they 
do  by  the  banks  of  rivers  and  by  sea-shores.  Aerial  roots  are  formed 
on  the  stems.  The  seeds  are  viviparotts,  that  is,  they  germinate 
before  they  are  detached  from  the  tree ; the  embryo  puts  out  a long 
strong  radicle : when  it  is  cast  off  from  the  plant  it  drops  into  the 
mud,  which  the  radicle  penetrates,  and  the  seedling  becomes  anchored 
and  continues  its  growth.  The  cotyledon  is  usually  left  in  the  fruit, 
so  that  the  seedling  or  embryo  which  falls  consists  of  the  radicle 
and  hypocotyl. 

Order  3.  Combretace^e. — A tropical  order  of  arborescent  habit ; 
some  of  the  plants  are  lianes.  The  flowers  have  a 1-celled  ovary,  and 
the  fruit  is  indehiscent. 

Order  4.  Mklastomacea-:. — This  is  a large  tropical  order 
including  about  2,000  species,  and  foiuid  most  abundantly 
represented  in  South  America.  The  plants  are  trees,  shrubs,  or 
herbs,  with  opposite  or  whorled  simple  leaves,  most  of  which 
have  several  curved  veins  proceeding  from  their  base  to  their 
apex.  They  have  no  oil  glands.  The  flowers  are  either 
tetramerous  or  pentamerous,  and  the  stamens  are  in  two 
whorls.  The  stamens  are  bent  in  the  bird  ; and  each  anther  is 
pointed  at  its  apex,  and  bears  two  auriculate  appendages  at  its 
base.  It  opens  by  either  one  or  two  pores.  The  fruit  may  be 
dry  or  succulent  ; in  the  latter  case  the  calyx  is  adherent  to  it. 

Order!).  Lythrackas. — The  plants  of  this  order  are  herbs, 
shrubs,  or  trees,  with  sometimes  square  stems,  simple  entire 
leaves,  without  stipules  as  a rule,  though  very  small  ones  are 
occasionally  found.  The  flowers  are  6-merous  and  perigynous. 


Fig.  1155. 


Fin.  1155.  Vertical  sec- 
tion of  fruit  of  Pome- 
granate. 
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The  calyx  in  most  cases  takes  the  form  of  six  small  free  teeth 
on  the  top  of  a tubular  receptacle,  and  alternating  with  them 
in  some  species  are  six  teeth  of  an  epicalyx ; the  tube  is 
generally  rather  strongly  ribbed.  The  petals  are  inserted  on 
the  top  of  this  receptacular  tube.  The  stamens  are  typically  in 
two  whorls,  hut  the  inner  may  be  wanting.  The  pistil  is  free  at 
the  bottom  of  the  tube,  and  consists  of  from  two  to  six  carpels, 
which  are  syncarpous,  and,  when  mature,  form  a capsular  fruit 
with  axile  placentation. 

Lythrum  Salicaria,  the  Purple  Loosestrife,  is  a common  plant  in 
England,  growing  generally  in  ditches.  It  is  remarkable  for  its 


Fill.  1 1 50.  Vertical  section  of  the  flower  of  the  Purple  Loosestrife  (Lythrum 
Salicaria). Fig.  1157.  Receptacular  tube  of  the  same,  bearing  the  calyx. 

trimorpliic  flowers.  Its  two  whorls  of  stamens  have  filaments  of 
different  lengths,  and  consequently  the  anthers  stand  at  different 
heights  in  the  flower.  The  styles  also  vary  in  length.  There  are 
thus  three  types  of  flower ; in  one  the  stamens  are  long  and  short, 
and  the  style  is  of  intermediate  length  (fig.  1156)  ; in  another  the 
style  is  short  and  the  stamens  are  long  and  of  median  length ; in  a 
third  the  style  is  long  and  the  stamens  median  and  short.  In 
Cuphea  the  flower  is  zygomorphic,  the  receptacle  bearing  a posterior 
spur. 

Order  6.  Onaguace/k. — The  plants  of  this  order  are  herbs  or 
shrubs,  many  of  them  growing  by  the  sides  of  ditches  or  in 
marshy  places.  The  leaves  may  be  opposite  or  alternate,  are 
always  simple,  and  are  generally  without  stipules.  The  flowers 
are  regularly  dimerous  or  tetramerous,  and  usually  obdiplo- 


Fio.  115(1. 


Fig.  1157. 
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stemonous,  but  the  antipctalous  whorl  of  stamens  is  some- 
times suppressed.  The  anthers  are  frequently  septated.  The 

Fig.  1158. 


Fig.  1158.  Diagram  of  the  flower  of  Circirn. 

Fig.  1159.  Vertical  section  of  the  flower  of  a 
species  of  Willow-herb  (Epilobium). 

pollen  is  triangular.  The  ovary  is  inferior, 
with  axile  placentation ; it  is  usually  4-celled, 
but  is  2-celled  in  Circsea,  which  has  a di- 
merous flower  throughout.  The  fruit  is  a 
capsule  in  the  British  genera,  but  is  a berry 
in  Fuchsia.  In  Trapa  it  is  drupaceous. 

Epilobium  is  the  principal  British  genus. 

It  has  an  elongated  capsule  (fig.  1159),  and  the  seeds  have  a tuft  of 
hairs  attached  to  the  clialazal  end.  Circcea  has  dimerous  flowers. 
Some  of  the  exotic  genera  have  zygomorphic  flowers.  Trapa  has  a 
drupaceous  fruit  which  is  crowned  by  four  hornlike  bodies,  which 
are  the  persistent  sepals. 

Cohort  3. — Passifiorales. 

The  plants  of  this  group  have  sometimes  diclinous  flowers  ; 
the  gyncecium  is  syncarpous,  and  the  placentation  is  parietal. 
In  some  the  ovary  is  spuriously  8-celled.  The  stamens  may 
be  indefinite,  or  may  be  in  one  or  in  two  whorls.  The  seeds 
may  be  albuminous  or  exalbuminous. 

Order  1.  Passiflouack.ic. — The  plants  of  this  order  are 
chiefly  herbs  which  climb  by  means  of  simple  or  branched 
tendrils.  They  have  alternate  stipulate  leaves,  and  large  showy 
regular  flowers  which  are  pentamerous  as  far  as  the  stamens, 
and  have  three  carpels.  Between  the  corolla  and  stamens  there 
are  several  filamentous  processes,  which  form  a kind  of  corona. 
These  are  often  variously  united  together,  and  are  frequently 
petaloid  and  coloured.  The  sporophylls  are  often  raised  upon 
a gynophore.  The  stamens  are  sometimes  monadelphous, 


Fig.  1159. 
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and  are  antipetalous.  The  seeds  are  arillate,  and  are  borne  in 
a 1 -celled  succulent  fruit,  which  in  some  species  is  edible. 

The  morphology  of  the  tendrils  in  this  order  and  in  the  nearly 
related  Ciicurbitacca:  has  been  much  discussed.  The  tendrils  arise 
from  the  stem  by  the  side  of  the  petioles.  One  hypothesis  is  that 
they  are  stipular ; the  leaf  is  supposed  to  have  normally  a pair  of 
stipules,  of  which  one  has  been  suppressed  and  the  other  transformed 
into  the  tendril.  Another  view  attributes  to  them  a peduncular 
origin.  The  flowers  are  axillary,  and  it  has  been  suggested  that  one 
of  the  flower  stalks  becomes  modified  and  adnate  to  the  leaf  stalk, 
and  so  appears  as  the  tendril.  Another  view  is  that  the  latter  is  an 
extra-axillary  branch  arising  at  the  side  of  the  leaf  and  not  in  its 
axil.  A fourth  hypothesis  was  put  forward  by  Naudin  ; according  to 
this  a branch  arose  from  the  axil  of  the  leaf,  but  in  the  case  of  a 
simple  tendril  became  completely  merged  with  the  petiole  or  with 
the  stem,  and  grew  no  further.  The  only  sign  of  this  branch  is  one 
leaf  which  it  bears  on  one  side,  but  which  does  not  take  the  form  of 
a leaf,  but  is  reduced  to  a midrib,  which  is  the  tendril.  The  com- 
pound tendrils  are  formed  by  the  elongation  of  the  branch,  which  bears 
several  leaves  modified  to  form  the  tendril-branches.  Payer  advanced 
a fifth  hypothesis,  which  was  that  the  tendril  is  due  to  a splitting  of 
the  petiole.  The  bundles  of  the  latter  are  normally  three.  Payer 
suggested  that  the  central  one  passes  in  the  direct  line  to  the  petiole, 
while  the  others  diverge  and  again  unite,  forming  the  tendril.  A 
sixth  view  is  the  interpretation  of  Braun  and.  Wydler,  which  has 
been  adopted  by  Eichler.  They  held  that  the  flower  and  its  peduncle 
represent  the  axillary  branch,  the  tendril  by  its  side  answers  to  one 
of  the  braetlets,  that  on  the  other  side  being  suppressed,  while  the 
supernumerary  branch  springs  from  the  axil  of  the  tendril.  This 
makes  the  tendril  to  be  a simple  leaf,  of  which  its  branches  are  the 
ribs.  Gray  has  criticised  this  view  adversely,  pointing  out  that 
the  divisions  of  the  tendril  are  developed  in  a spiral  order,  and  in 
vigorous  growths  occupy  different  heights  on  the  tendril-axis. 

Order  2.  Hamydace.-e. — A small  order  of  tropical  plants  bearing 
evergreen  stipulate  leaves  with  round  or  linear  transparent  glands. 

Order  3.  Loasace.u. — A small  order  of  American  herbs  with  stilt' 
hairs  or  stinging  glands.  The  flowers  are  regular,  and  bear  two 
whorls  of  stamens  which  are  much  branched.  The  antipetalous 
ones  form  groups  or  phalanges  of  perfect  stamens,  while  those  in 
front  of  the  sepals  become  petaloid  staminodes.  The  ovary  is 
inferior. 

Order  4.  TubneeacE/X. — A small  order  of  plants  confined  to 
South  America  and  the  West  Indies.  The  flowers  are  pentamerous, 
the  fruit  is  a capsule,  and  the  seeds  are  furnished  with  a lateral 
caruncle. 
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Order  5.  Datiscace/’e.— A small  tropical  order  having  insignifi- 
cant flowers  which  are  dioecious.  They  have  no  corolla.  In  some 
species  the  ovary  is  open  at  the  top.  It  is  inferior,  with  parietal 
placentation. 

Order  6.  Cucurbitacea:. — The  plants  of  this  order  are  all 
herbaceous,  and  most  of  them  climb  by  means  of  tendrils. 
The  latter  are  situated  by  the  side  of  the  petioles,  and  may  be 
either  simple  or  branched.  In  the  axil  of  the  leaf  a vegetative 
bud  and  a floral  axis  both  occur.  The  arrangement  is  thus  much 
the  same  as  in  the  Passifloracese,  under  which  order  a discus- 
sion of  the  morphology  of  the  parts  has  already  been  given.  The 
flowers  are  regular,  diclinous,  and  pentamerous  ; the  sepals  are 
narrow  and  pointed ; the  corolla  is  in  some  cases  gamopetalous, 


Fig.  11G0. 


Fig.  1161. 


Fig.  1160.  Stamen  of  Citrullus,  with  sinuous  anther. Fig.  1161.  Flower 

of  Citrullus  cut  open  and  spread  out.  After  Warming. 


in  others  the  petals  are  free.  The  corolla  is  epigynous,  and  the 
stamens  are  adherent  to  the  petals.  Both  arise  from  a cup- 
shaped development  of  the  receptacle  above  the  ovary.  The 
stamens  are  five,  but  appear  to  be  three  (fig.  1161),  in  conse- 
quence of  four  of  them  cohering  in  two  pairs.  The  anthers  are 
sinuous  (fig.  1160;,  and  according  to  some  botanists  each  repre- 
sents only  half  an  anther,  the  other  half  not  being  developed. 
In  Cucurbila  all  the  stamens  are  united  into  a column.  Some- 
times the  rudiments  of  a gynceeium  are  present  in  the  staminate 
flowers.  The  carpels  are  generally  three  in  number  and  are 
syncarpous  and  inferior,  forming  in  fruit  either  a pepo  or  a berry. 
The  style  is  short  and  thick,  and  bears  a 3-lobecl  stigma.  The 
pistillate  flowers  frequently  contain  rudiments  of  the  abortive 
stamens.  The  seeds  are  exalbuminous. 
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The  fruit  is  often  described  as  trilocular  with  projecting  axile 
placentas  (fig.  1162).  The  structure  has  been  explained  on  two 


Fio.  1162.  Fig.  1163. 


/■'iff.  1102.  Transverse  section  of  ovary  of  CUrullus. /%.  1163.  Female  flower 

of  CUrullus  in  longitudinal  section.  //.  Receptacle,  ca.  Calyx.  After  Warming. 

theories  : according  to  the  first,  each  placenta  arises  on  the  margin 
of  a carpellary  leaf,  and  passes  inwards  towards  the  centre  of  the 
ovary,  becoming  soon  reflexed  and  adnate  to  itself ; after  it  has 
returned  nearly  to  the  margin,  it  turns  at  almost  a right  angle  and 
bears  the  ovules.  On  the  second  theory,  the  placentas  from  the 
two  margins  of  each  carpel  grow  in  and  meet,  then  turn  back  and 
bear  the  ovules.  In  both  cases  the  original  partitions  are  oblite- 
rated. On  the  first  hypothesis  the  forked  placenta  is  opposite  to  the 
ventral,  and  on  the  second  to  the  dorsal  suture  of  the  carpellary 
leaf. 

The  Cucurbitaceai  have  been  divided  by  Bentham  and  Hooker  as 
follows  : — 

Series  1.  Plagiopseume.’E. — Ovules  horizontal. 

Series  2.  Orthospkume/e. — Ovules  erect  or  ascending. 

Series  3.  Ckemospkkme.e. — Ovules  pendulous. 

An  acrid  bitter  purgative  property  is  the  chief  characteristic  of 
the  plants  of  this  order  ; this  is  possessed  more  or  less  by  all  parts 
of  the  plant,  but  it  is  especially  evident  in  the  pulp  surrounding  the 
seeds ; the  seeds  themselves  are,  however,  usually  harmless.  In 
some  plants  this  acridity  is  so  concentrated  that  they  become  poison- 
ous ; while  in  other  cases,  especially  those  under  cultivation,  it  is  so 
diffused  that  their  fruit  is  edible. 

Bryonia  is  the  only  British  genus.  Ecbalium  is  the  Squirting 
Cucumber ; when  ripe  the  fruit  is  distended  with  an  acrid  juice, 
and  if  touched  it  ruptures  at  the  base,  and  the  seeds,  together  with  the 
juice  and  pulp,  are  violently  ejected  at  the  point  of  rupture. 
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Order  7.  Begoniaceas. — The  plants  of  this  order  are  herbs 
or  undershrubs  with  succulent  stems  and  oblique  or  asymmetri- 
cal leaves,  with  large  membranous  stipules  which  soon  fall  off. 
The  inflorescence  is  cymose ; the  flowers  are  diclinous  and 
monoecious.  The  staminate  flowers  have  usually  four  perianth 
leaves  in  two  whorls,  and  numerous  stamens  which  are  most 
frequently  united  into  a column  ; the  pistillate  flowers  have  five 
epigynous  perianth  leaves  showing  spiral  phyllotaxis,  and  an 
inferior  ovary  with  three  cells,  surmounted  by  three  bifid  styles. 
The  sides  of  the  ovary  are  winged.  The  placentation  is  axile. 


The  plants  are  characterised  by  usually  possessing  a fleshy 
stem,  which  is  in  some  cases  a phylloclade,  and  in  others  bears 
fleshy  or  succulent  simple  leaves  without  stipules ; the  flower  is 
epigynous  or  perigynous,  and  the  stamens  generally  numerous. 

Order  1.  Cactacea:. — These  plants  are  remarkable  for  the 
curious  appearance  of  their  stems,  which  are  fleshy  and,  in  a 


few  cases  only,  ultimately  become  woody.  They  are  all 
phylloclades,  being  flattened  in  Cereus,  compressed  in  Opuntia, 
thick  and  almost  ovoid  in  Echinopsis,  and  in  other  genera 
variously  branched  and  jointed.  The  leaves  are  usually 
abortive,  being  replaced  by  spines,  which  are  arranged  in 
various  ways  upon  the  phylloclades.  In  some  genera  they  are 


Cohort  4. — Ficoidales. 


Fig.  1164. 


Fig.  1165. 
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not  less  than  50  or  60  feet  in  height,  in  others  dwarfed  and 
stunted.  Some  are  climbers,  using  roots  for  that  purpose ; 
others  are  epiphytes.  In  Pereslcia  foliage  leaves  occur,  which 
are  thick  and  fleshy.  The  flowers  are  acyclic ; the  petals  are 
free,  or  united  at  their  bases ; the  stamens  are  indefinite  and 
attached  to  the  bases  of  the  petals  ; the  pistil  is  syncarpous  ; the 
ovary  is  inferior,  1-celled,  with  several  parietal  placentas. 

Order  2.  Mesembryanthace®  or  Ficoidace®.—  These  are 
succulent  plants,  with  thick  fleshy  stems  and  leaves  without 
stipules.  The  flower  has  a perianth  which  is  usually  sepaloid ; the 
second  whorl  may  take  the  form  of  stamens,  which  are  often  very 
numerous  through  branching  of  the  original  protuberances,  or 
may  become  partly  petaloid.  The  third  whorl  consists  of  the 
carpels.  The  three  whorls  thus  constituted  are  in  regular  alter- 
nation. In  the  tribe  Mesembryanthemece  the  ovary  is  inferior ; 
in  the  rest  of  the  order  it  is  superior.  The  fruit  is  a capsule. 

Bentham  and  Hooker  place  the  tribe  Molluginece  of  the 
Caryaphyllacece  in  this  order. 


Cohort  5. — Umbellales. 

The  plants  of  this  group  have  their  flowers  arranged  in 
umbels ; they  are  generally  regular  and  actinomorphic,  but 
those  on  the  outside  of  the  umbels  are  in  some  cases  radiant 
and  zygomorphic.  The  calyx  is  inconspicuous,  often  forming 
only  a rim  round  the  top  of  the  inferior  ovai’y.  The  latter  is 
bicarpellary,  2-cclled,  with  a single  ovule  in  each  cell.  The 
styles  are  surrounded  at  their  bases  by  an  epigynous  disc.  The 
seeds  are  albuminous. 

Order  1.  Umbellifer®.— The  plants  of  this  order  are 
usually  herbs  which  have  hollow  stems,  crossed  by  a species  of 
diaphragm  at  each  node  ; the  leaves  are  spirally  arranged,  and 
have  a broad  base  from  which  rises  a remarkable  inflated 
sheath  which  partially  surrounds  the  stem.  The  leaves  in  most 
cases  arc  very  much  divided,  being  bi-  or  tri-pinnate,  with 
ultimate  pinnatifid  leaflets.  Simple  leaves  are  rare,  but  occur 
in  the  genera  Hydrocotyle  and  Bupleurum.  The  flowers  are 
arranged  in  either  simple  or  compound  umbels.  Each  umbel 
may  be  surrounded  by  bracts  which  form  an  involucre.  When 
the  latter  is  at  the  base  of  a compound  umbel  it  is  termed  a 
general  involucre ; when  at  the  base  of  the  simple  umbels  which 
are  the  terminations  of  the  pedicels  of  the  compound  umbel. 
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it  is  said  to  be  a partial  involucre.  Either  the  general  or  the 
partial  involucres  may  be  absent. 

The  flowers  are  regular  and  usually  actinomorphic,  but 
radiant  flowers  occur  on  the  margins  of  some  of  the  umbels. 
These  become  zygomorphic  through  the  anterior  petal  being 
enlarged,  while  the  posterior  two,  which  face  towards  the  centre 


Fin-  11C6.  a.  General  umbel  of  Pool’s  Parsley  (y Ethum  Cynapiuni)  in  fruit. 
b.  One  of  the  umbellules,  showing  the  3-leaved  unilateral  pendulous  iu- 

volucel. Fig.  1167.  A side  view  of  the  ripe  fruit  of  Hemlock  ( Contain 

macutatum). Fig.  1168.  Transverse  section  of  the  fruit  of  the  same.- 

Fig.  1169.  Vertical  section  of  one  of  the  halves  ( mericarps ) of  the  same 
fruit.  The  letters  refer  to  the  same  parts  in  the  last  three  figures. 
a.  Ridges,  h.  Channels,  d.  Albumen.  /.  Embryo,  g.  Remains  of  the 
styles,  h.  Axis.  i.  Prolonged  axis  or  carpophore. 

of  the  umbel,  remain  small.  The  calyx  is  superior  and  gene- 
rally surrounds  the  summit  of  the  ovary  as  a mere  rim  ; in  some 
species  the  separate  sepals,  five  in  number,  occur  in  the  form 
of  small  teeth.  The  petals  are  free,  usually  white  or  yellow, 
occasionally  blue  ; they  have  a short  claw  and  an  incurved  apex 
which  gives  them  the  appearance  of  being  obcordate.  The 


Fig.  1166. 


Fig.  1167. 
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Fig.  1170. 


stamens  are  inserted  on  the  margin  of  an  epigynous  disc  which 
surrounds  the  bases  of  the  two  styles  and  is  sometimes  called  a 
stylopode.  The  ovary  is  inferior,  bicarpellary,  and  syncarpous. 
It  has  two  loculi,  with  a single  seed  in  each. 

The  fruit  is  very  characteristic  of  the  order.  It  is  a schizo- 
carp,  technically  termed  a cremocarp,  which  splits  when  ripe 

into  two  mericarps  that  re- 
main attached  to  a common 
stalk,  or  carpophore.  Each 
mericarp  is  an  indehiscent 
1 -seeded  body  whose  dorsal  sur- 
face is  traversed  by  ridges  or 
projections  {fig.  1167).  Three 
of  these  are  on  the  free  sru'face 
of  the  mericarp,  and  two  others 
are  at  the  angles  of  the  com- 
missure or  line  of  separation 
between  the  two  mericarps 
(fig.  1168).  These  five  ridges 
each  contain  a vascular  bundle, 
and  are  known  as  the  primary 
ridges.  In  some  species  these 
are  absent,  but  there  are  instead 


/•'ifl.  1170.  Compound  umbel  of  the 
Carrot  (Dauctis).  a.  General  invo- 
lucre. b,  b.  Partial  involucres. 


four  so-called  secondary  ridges,  which  occur  in  the  spaces  between 
the  places  where  the  primary  ones  should  be.  In  other  species 
all  nine  are  present  on  each  mericarp,  which  then  has  a very 
rough  appearance.  In  the  wall  of  the  mericarps  oil  glands 
or  reservoirs  frequently  occur.  Their  distribution  and  their 
numbers  vary  in  different  species,  but  few  are  without  them. 
They  are  generally  termed  vittce. 

The  determination  of  the  genera  depends  very  largely  on  the 
details  of  the  arrangements,  peculiarities  of  the  ridges,  and 
the  vittee. 

The  seeds  are  albuminous,  and  the  embryo  is  minute. 


The  divisions  of  the  order  depend  primarily  on  the  form  of  the 
endosperm.  It  has  been  divided  into  three  sub-orders,  but  these  are 
by  no  means  well  defined.  They  are  as  follows : — 

Sub-order  1.  Orthosperme/e.— Endosperm  not  curved. 

Sub-order  2.  Cajipylosperme/e. — Endosperm  rolled  inwards  at  the 
margins,  and  presenting  a vertical  furrow  on  its  face. 

Sub-order  3.  Ccelosperme/e.—  Endosperm  with  the  base  and  apex 
curved  inwards  towards  the  axis. 
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By  Bentham  and  Hooker  this  order  has  been  divided  as 
follows : — 

Series  1.  Heterosciadieje. — Umbels  generally  simple  or  very  irre- 
gularly compound,  or  the  inflorescence  is  a capitulum.  Vittsc 
absent  or  obscure. 

Series  2.  Haplozygie2E. — Umbels  compound.  Primary  ridges  of  fruit 
alone  conspicuous.  Yittse  usually,  but  not  always,  obvious. 

Series  3.  Diplozygik.e. — Umbels  usually  compound.  Fruit  with 
both  primary  and  secondary  ridges  generally  well  marked. 

The  UmbelliferK!  are  chiefly  natives  of  the  northern  parts  of 
Europe,  Asia,  and  America.  Many  occur,  however,  in  the  southern 
hemisphere.  They  are  rare  in  tropical  regions  except  upon  the 
mountains,  where  they  are  by  no  means  uncommon.  There  are 
about  1,400  species.  In  Great  Britain  the  order  is  represented  by 
40  genera. 

Some  of  them  are  extremely  poisonous,  among  which  may  be 
mentioned  Comum  maculatum,  the  Hemlock,  CEnanthc  crocata, 
the  Water-Dropwort,  JEthusa  Cynapium,  the  Fool’s  Parsley,  Cicuta 
virosa,  the  Water-Hemlock.  Some,  on  the  other  hand,  furnish 
certain  of  our  vegetables,  e.g.  the  Carrot,  Parsnip,  Celery.  Many  of 
them  are  aromatic,  especially  the  Caraway  and  Dill.  A few  depart 
from  the  typical  vegetative  characters  of  the  order  : Hydrocotyle  and 
Bupleurum  have  entire  leaves ; Eryngium , the  Sea  Holly,  has  a 
capitulum  for  its  inflorescence  ; Crithmum,  the  Samphire,  has  fleshy 
leaves  with  lanceolate  leaflets ; Fceniculum,  the  Fennel,  bears  tripinnate 
leaves,  which  have  neither  axis  nor  branches  winged.  Astrantia 
has  an  umbel  of  minute  flowers  surrounded 
by  an  involucre  composed  of  large,  some- 
times coloured  bracts. 

Order  2.  Araliacete. — The  plants  of  this 
order  are  trees  or  shrubs  with  simple  or 
compound  leaves,  somewhat  sheathing  at 
their  bases.  The  flowers  are  in  umbels  or 
capitula,  and  are  pentamerous  except  as  to 
the  pistil,  which  may  have  from  two  to  many 
carpels.  The  ovary  is  inferior,  and  the 
fruit  is  a drupe  or  a berry.  The  petals  are 
deciduous,  and  have  a well-marked  valvate 
aestivation. 

Order  3.  Cornace®.  — These  are 
shrubby  plants  with  generally  opposite 
exstipulate  leaves  which  are  not  sheathing  at  their  bases.  The 
flowers  are  tetramerous,  and  are  collected  into  compact 


Fig.  1171. 


Fig,  1171.  Flower  ot  the 
common  Ivy  ( Hedera 
Helix.  Araliaeece). 
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inflorescences  which  may  he  corymbs,  umbels,  or  capitula. 
The  ovary  is  inferior,  2-celled ; the  fruit  is  a berry  or  a 
drupe  ; in  the  latter  case  the  stone  may  be  1 — 4-celled,  or  there 
may  be  two  free  stones. 

Artificial  Analysis  of  the  Orders  in  the  Sub-class 
Polypetalce. 


1.  Flowers  with  more  than  20  stamens. 

A Ovary  wholly  superior, 
a.  Leaves  without  stipules. 

1.  Caipels  more  or  less  distinct  (at  least  as 

to  the  styles) ; or  solitary. 

Stamens  distinctly  perigynous.  Ovules  sus- 
pended, erect,  or  ascending  . . . ltosacece  (part). 

2.  Carpels  wholly  combined  (at  least  as  to 

the  ovaries). 

Sepals  more  than  2,  united  into  a tube. 


b.  Leaves  with  stipules. 

1.  Carpels  more  or  less  distinct  (at  least  as  to 
the  styles) ; or  solitary. 

Calyx  with  the  odd  lobe  inferior.  Stamens  ( Leijuminosie 
somewhat  hypogynous  ...  1 (Mimosce). 

Calyx  with  the  odd  lobe  superior.  Stamens 


2.  Carpels  wholly  combined  (at  least  as  to 
the  ovaries). 

Leaves  with  circinate  vernation.  Placentas 

parietal Droseraceee. 

B.  Ovary  inferior,  or  partially  so. 
a.  Leaves  without  stipules. 

1.  Placentas  parietal. 

Petals  definite  in  number,  distinct  from  the 

calyx Loasacece. 

Petals  indefinite  in  number,  gradually  pass- 
ing into  the  sepals  .....  Cactacece. 

2.  Placentas  in  the  axis. 

Leaves  with  transparent  dots. 


Ovary  with  more  than  1 cell  . . . Myrtacece  (Myrtece). 

Leaves  without  dots. 

Petals  very  numerous  ....  Mesembryanthacece . 


Ovary  with  axile  placentas 


Lythracece  (part). 


distinctly  perigynous 


ltosacece. 


Ovary  1-celled  . 


Myrtacece 

( Qhamcelauciece) . 
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Petals  definite  in  number. 

Petals  narrow  and  strap-shaped  . j 
Petals  roundish  and  concave. 

Styles  united  . { 

Styles  distinct  . . . . { 

b.  Leaves  with  stipules. 

1.  Carpels  more  or  less  distinct,  or  solitary  . 

2.  Carpels  wholly  combined  (at  least  as  to  the 

ovaries). 

Leaves  opposite 

Leaves  alternate. 

Placentas  axile  . . . . j 

Placentas  parietal  . { 


Cornacece 
( Alangiew ). 

Myrtacece 
(Barring  tone  ce). 
Saxifragacece 
(Philadelphece). 


Bosacece  (part). 


Bhizophoracece . 

Myrtacece 

(Lecythidece). 

Samydacece 

(Homalidece). 


2.  Flowebs  with  fewer  than  20  stamens. 


A.  Ovary  wholly  superior, 
a.  Leaves  without  stipules. 

1.  Carpels  more  or  less  distinct,  or  solitary. 
Carpels  with  hypogynous  scales. 

Each  carpel  having  1 scale 

Each  carpel  having  2 scales  . . j 

Carpels  without  hypogynous  scales. 

Carpels  solitary,  or  all  but  1 imperfect. 
Leaves  without  dots. 

Ovules  collateral,  ascending,  sessile  . 


Crassulacece. 

Saxifragacece 

(Francoece). 


Connaracece. 


2.  Carpels  more  or  less  combined  (at  least  by 
their  ovaries). 

Placentas  parietal. 

Flowers  with  a ring  or  crown. 

Flowers  unisexual  j 

Flowers  hermaphrodite  . . . { 

Flowers  without  a ring  or  crown 
Placentas  in  the  axis. 

Styles  distinct  to  the  base. 

Carpels  each  with  1 hypogynous  scale  . 

Carpels  without  hypogynous  scales  J 

Styles  more  or  less  combined. 

Calyx  imbricate.  Ovules  suspended 
Calyx  valvate. 

Leaves  simple.  Calyx  tubular  . 


Passifloracece 
(Papayece). 
Passifloracece 
(Malesherbiece). 
Turner  acece. 


Crassulacece. 

Saxifragacece 

(part). 

Bruniacece. 

Lythrucece. 
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b.  Leaves  with  stipules. 

1.  Carpels  distinct,  or  solitary. 

Fruit  leguminous;  odd  lobe  of  the  calyx 

inferior 

Fruit  not  leguminous  ; odd  lobe  of  the  calyx 
superior 

2.  Carpels  more  or  less  combined  (at  least  by 

their  ovaries). 

Placentas  parietal. 

Flowers  with  a ring  of  appendages  . 
Placentas  in  the  axis. 

Styles  distinct  to  the  base. 

Petals  conspicuous. 

Leaves  opposite  . . . . | 

Leaves  alternate . . . . | 

B.  Ovary  inferior,  or  partially  so. 
a.  Leaves  without  stipules,  or  with  cirrhose 
appendages. 

Placentas  parietal. 

Flowers  completely  unisexual.  Gamopota- 

lons 

Flowers  hermaphrodite  or  polygamous.  ( 
Petals  distinct  ....  * 

Placentas  in  the  axis. 

Flowers  in  umbels,  or  capitula. 

Styles  2 ... 

Styles  8 or  more 

Flowers  not  in  umbels. 

Carpel  solitary. 

Petals  strap-shaped,  reflexcd  . . j 

Petals  oblong. 

Cotyledons  convolute  .... 
Cotyledons  flat 

Carpels  2 or  more,  divaricating  at  the 
apex. 

Leaves  alternate.  Herbs  . . j 

Leaves  opposite.  Shrubs  . . j 

Carpels  2 or  more,  not  divaricating, 
combined. 

Calyx  valvate,  or  the  limb  obsolete. 
Stamens  alternate  with  the  petals  if 
isomerous. 

Albumen  none.  Ovules  horizontal 
or  ascending 


Leguminosce. 

Bosaccce. 


Passijloraccw. 


Saxifragacew 
( Cunoniece ). 
Saxifragacew 
(part). 


Cucurbitacece . 
Saxifragacew 
(llibcsiew). 


UmbeUiferw. 

Araliacece. 


Cornacece 

(Alangiece). 

Combretacew. 
Haloragacew . 


Saxifragacew 

(part). 

Saxifragacew 

(Hydrangeas). 


Onagracew. 


DICOTYLEDONES  -POLYPETALjE 


345 


Albumen  present.  Ovules  pendu- 
lous   

Albumen  abundant.  Flowers  con- 
spicuous ..... 
Calyx  not  valvate. 

Stamens  doubled  downwards.  Anthers 
with  appendages.  Leaves  ribbed 
Stamens  only  curved.  Anthers  short. 

Leaves  dotted 

Leaves  not  dotted. 

I 

Seeds  very  numerous,  minute  | 
Seeds  few 


Haloragacece. 

Cornacecc. 


Melastomaceee. 

Myrtacece. 

Saxifragacece 

(Escalloniece). 

Bruniacece. 


b.  Leaves  with  stipules. 

Placentas  parietal. 

Stipules  cirrhose.  Gamopetalous 

Stipules  deciduous.  Petals  distinct  . j 
Placentas  in  the  axis. 

Stamens,  if  equal  to  the  petals,  alternate  with 
them. 

Leaves  opposite  ...... 

Leaves  alternate 


Cucurbitacece. 

Samydacece 

(Homaliece). 


Bhizophoracece . 
Hamamelidacece . 


Although  it  generally  happens  that  the  Calyciflorte  have  dichlamydeous 
flowers,  polypetalous  corollas,  and  perigynous  or  epigynous  stamens,  yet 
many  exceptions  occur,  which  should  be  particularly  noted  by  the  student. 
Thus,  we  find  apetalous  plants  in  the  Leguminosce,  Bosacece , Saxifra- 
gacece, Crassulacece,  Hamamelidacece,  Haloragacece,  Bhizophoracece, 
Combretacece,  Samyclacece,  Loasacece,  Datiscacece,  Mesembryanthacece, 
Araliacece,  Myrtacece,  Lythracece,  Onagracece,  Passifloracece.  Gamo- 
petalous corollas  occur  in  some  Cucurbitacece,  Crassulacece,  Droseracece, 
Bruniacece,  Melastomaceee,  Tumeracece,  Cactacece,  Araliacece.  In 
some  Calyciflora;,  again,  the  stamens  are  wholly  or  in  part  liypogynous  or 
nearly  so,  as  in  some  Connaracece,  Leguminosce,  Saxifragacece,  Cras- 
sulacece. 

Diclinous  flowers  occur  as  a rule  in  Cucurbitacece,  and  sometimes  in 
Bosacece,  Passifloracece,  Haloragacece,  Combretacece,'  Cornacece,  Hama- 
nielidacece,  and  Araliacece. 
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Synopsis  of  the  British  Natural  Orders  in  the  Series  Calycijlonc. 

A.  Corolla  polypetalous.  Ovary  superior. 

1.  Ovaries  many,  distinct  or  united,  each  with  a 

style  ; or  solitary  with  1 lateral  placenta. 

Corolla  regular. 

Sepals  combined  below. 

Stamens  equal  to  or  double  the  number  of 

the  petals ; no  stipules  . . . Grassulacece. 

Stamens  20  or  more,  per igy nous.  Leaves 

stipulate Rosacece. 

Corolla  irregular. 

Leaves  with  stipules.  Stamens  mono-  or  dia- 

delplious Leguminosai'. 

2.  Ovary  solitary,  with  parietal  placentation. 

Corolla  regular.  Sepals  equal,  free,  imbricate. 

Stamens  5 Droseraeece. 

8.  Ovary  solitary,  with  central  placentas. 

Calyx  valvato  in  the  bud. 

Stamens  inserted  in  the  calyx  tube  below  the 

petals Lythracece. 

B.  Corolla  polypetalous,  ovary  partly  or  wholly 

inferior. 

1.  Ovary  1-celled.  Placentas  2,  parietal.  Ovules 

numerous  .......  Ribesiucecc. 

2.  Ovary  2 — many-celled.  Placentas  central. 

Stamens  as  many  as  the  petals,  or  twice  as 

many. 

Petals  imbricate  in  the  bud. 

Petals  5.  Stamens  5.  Flowers  in  umbels  Umbclliferce. 
Petals  4—5.  Ovary  only  partially  inferior. 

Capsule  2-valved Saxifragacece. 

Petals  4.  Stamens  4 — 8.  Fruit,  4 nuts  . Haloragacece. 
Petals  valvate  in  the  bud. 

Fruit  a berry.  Styles  more  than  2;  loaves 

alternate  ......  Araliaeece, 

Fruit  a drupe.  Style  1;  leaves  opposite  Cornacece. 

Fruit  a cremocarp Umballifercc. 

Petals  twisted  in  the  bud. 

Sepals  valvate Onagracece. 

C.  Corolla  gamopetalous. 

Flowers  unisexual  ......  Cucurbitacece . 

D.  Corolla  wanting. 

Flowers  monoecious.  Stamens  solitary.  Ovary  ( Haloragaeece 
4-celled I (Oattitrichece). 
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Sub-Class  III. — Gamopetal^e  or  Cokolliflor/E. 

The  plants  of  this  sub-class  form  a very  well-marked  group, 
differing  from  those  already  described  in  having  the  petals  of 
the  flower  coherent  together  to  form  a corolla  of  one  piece. 
The  degree  of  union  varies  very  widely : in  some  the  petals  are 
only  attached  together  quite  at  their  bases  ; in  others  the  fusion 
is  so  complete  that  it  is  difficult  to  distinguish  any  indication 
of  the  constituent  petals,  the  only  indication  of  the  actual 
structure  being  a number  of  minute  teeth  at  the  apex  of  the 
tubular  corolla.  In  many  of  the  Compositse  the  tube  formed  by 
the  complete  fusion  of  the  petals  is  slit  down  one  side  and 
dattened  out  into  a strap-shaped  structure,  which  is  marked  at 
its  apex  by  a number  of  small  notches.  The  calyx  is  usually 
gamosepalous  ; the  stamens  are,  except  in  a very  few  families, 
attached  to  the  tube  of  the  corolla,  generally  at  some  little 
distance  above  its  base.  The  ovary  is  commonly  syncarpous,  and 
in  many  cases  is  completely  inferior.  The  sub-class  shows  us 
many  degrees  of  fusion  of  the  parts  of  the  dower,  and  culmi- 
nates in  the  Natural  Order  Compositse,  in  which  this  fusion 
affects  more  or  less  every  whorl,  both  of  the  perianth  and  the 
sporophylls. 


Series  1. — Inferas  or  Epigvna:. 

The  plants  of  this  series  are  distinguished  by  the  possession 
of  an  inferior  ovary. 

Warming  has  suggested  that  the  group  includes  plants 
which  have  followed  two  distinct  lines  of  development,  culmina- 
ting in  both  cases  in  the  collection  of  the  dowers  into  capitula, 
the  individual  dowers  showing  various  conditions  of  suppression. 
These  two  series  take  us  respectively  through  the  Rubiales  to 
the  Dipsace®,  and  through  the  Campanales  to  the  Composite, 
the  resemblances  between  the  dnal  orders  of  the  two  series 
being  due  to  development  upon  parallel  lines  rather  than  to 
true  affinity. 


Cohort  1. — Rubiales. 

The  leaves  of  the  plants  of  this  group  are  arranged  in  whorls, 
sometimes  of  two,  sometimes  apparently  of  more.  In  the 
latter  case  six  are  frequently  found.  This  is  generally  held  to 
be  due  to  the  stipules  of  each  leaf  being  of  the  same  shape  and 
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size  as  the  leaf  itself,  so  that  the  whorl  consists  of  two  leaves 
and  fonr  stipules.  This  view  is  supported  by  the  fact  that 
branches  arise  in  the  axils  of  only  two  of  the  members  of  the 
whorl.  When  more  than  six  apparent  leaves  are  present  it  is 
held  to  be  due  to  a division  of  some  of  the  stipules.  The 
flowers  may  be  actinomorphic  or  zygomorphic  ; the  sepals  are 
minute  and  reduced  to  teeth,  apparently  springing  from  the  top 
of  the  ovary.  The  corolla  varies  a good  deal  in  the  degree  of 
its  development.  The  pistil  is  composed  of  two  to  five  carpels, 
and  the  ovary  may  contain  one  loculus  or  several.  The  seeds 
contain  endosperm. 

Order  1.  CaprifoltaoejE. — The  plants  of  this  order  are 
usually  trees  or  shrubs,  in  some  cases  climbing.  The  leaves  are 
opposite,  sometimes  connate,  and  in  nearly  all  cases  are  exstipu- 
late.  Stipules  occur,  however,  in  a few  isolated  species,  particularly 
of  the  genera  Sambucw,  Lorvicera , and  Viburnum.  Tho  leaves 
are  simple  in  most  cases,  but  compound  ones  are  sometimes 
found.  The  dower  may  be  actinomorphic  or  zygomorphic  ; the 
corolla  is  imbricate  in  iestivation.  The  carpels  vary  from  two 
to  five,  but  are  generally  three  in  number.  The  fruit  is  in  most 
cases  an  inferior  berry  ; in  Weigelia  a capsule,  in  Linncea  a 
nut. 

The  order  is  divided  into  the  following  tribes  : — 

1.  Sarnbuccce. — Corolla  rotate,  generally  actinomorphic;  ovules 


Fio.  1172. 


Fig.  1173.  Fio.  1174. 


/•>,,  ins.  pistil  of  the  common  Elder  {Sambueus  nigra')  surrounded  by 

a superior  5-lobed  calyx. Fig.  1178.  Entire  flower  of  the  same. 

Fig.  1174.  Vertical  section  of  the  seed. 


solitary  in  each  loculus  of  the  ovary.  The  indorescence  is  umbellate, 
cymose. 

2.  Lonicerece.—  Corolla  tubular,  zygomorphic;  several  ovules 
occur  in  each  loculus  of  the  ovary. 
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3.  Linnceea. — Corolla  sliglitly  bilabiate ; stamens  four,  didyna- 
mous.  Fruit  a nut,  enclosed  in  two  large  bracteoles. 

The  plants  of  this  order  are  chiefly  natives  of  the  northern  parts 
of  Europe,  Asia,  and  America  ; they  are  rare  in  the  southern  hemi- 
sphere. There  are  about  220  species.  They  have  frequently  showy 
flowers,  usually  fragrant.  Among  them  may  be  mentioned  the 
Honeysuckles,  which  are  species  of  Caprifolium  and  Lonicera,  the 
Guelder  Roses  (Viburnum  Opulus),  Laurustinus  (Viburnum  Tinus), 
and  the  Snowberry  (SympJioricarpus). 

Ado.ra  was  formerly  placed  in  the  order,  but  it  is  now  generally 
referred  to  Saxifragacecp. 

Order  2.  Rubiace,e. — This  order  includes  trees,  shrubs, 
and  herbs,  the  latter  often  twining  or  scrambling  in  habit. 
The  leaves  are  simple  and  have  mterpetiolar  stipules,  which 
in  many  species  are  indistinguishable  from  the  leaves,  and 


Fio.  1175.  Fig.  1176.  Fig.  1177.  Fig.  1178. 


Fig.  1175.  Diagram  of  tlie  flower  of  the  Madder  (UuMa  tinctorum). 

Fig.  1176.  Pistil  of  the  Madder,  with  its  ovary  adherent  to  the  calyx, 

ml.  si.  Styles  and  stigmas. Fig.  1177.  Pistil  of  the  Goose-grass  or 

Cleavers  ( Galium  Aparinc)  adherent  to  the  calyx,  fc,  by  its  ovary. 

it.  Styles. Fig.  1178.  Vertical  section  of  the  fruit  and  seeds  of  the 

same.  a.  Albumen,  c.  Embryo,  pi.  Placenta. 

are  placed  with  the  latter  so  as  to  form  a whorl.  The  flowers 
are  regular,  and  the  corolla  small  and  rotate.  The  aestivation 
of  the  corolla  is  often  valvatc.  The  pistil  is  bicarpellate,  and 
the  ovary  may  contain  one  or  two  cells.  The  seeds  contain 
endosperm.  The  fruit  is  indehiscent,  and  in  the  British 
species  separates  into  dry  cocci ; the  ovary  is  crowned  by  a 
disc. 

The  chief  families  of  this  order  are  the  following  : — 

1.  Coffeem. — The  fruit  is  succulent  and  contains  two  stones. 
Coffea  arabica  is  the  Coffee  tree  ; the  coffee  beans  are  its  seeds. 
They  contain  a hard  horny  endosperm,  in  which  is  embedded  a 
embryo. 

2.  Cinchonem. — The  fruit  is  a capsule  and  contains  a number  of 
seeds  which  are  winged.  Cinchona  is  the  source  of  quinine. 


850 


MANUAL  OF  BOTANY 


3.  Stellatce. — This  section  of  the  order  is  characterised  by  the 
whorls  of  leaves,  the  true  nature  of  which  has  already  been  men- 
tioned. The  whorls  are  not  decussate.  The  calyx  is  rudimentary ; 
a solitary  ovule  is  present  in  each  loculus  of  the  ovary.  The  fruit 
is  a sclrizocarp,  and  in  some  species  is  furnished  with  a number  of 
hook-like  outgrowths  which  aid  in  the  dispersion  of  the  seeds. 

The  properties  of  the  plants  of  the  Bubiace®  are  very  important. 
Many  possess  tonic,  febrifugal,  astringent,  emetic,  or  purgative  pro- 
perties ; some  are  diuretic  and  emmenagogue  ; a few  are  valuable 
dyeing  and  tanning  agents ; and  others  have  edible  fruits  and 
seeds.  Among  the  products  of  the  order  are  coffee,  quinine,  and 
ipecacuanha. 


Cohort  2. — Asterales. 


This  group  includes  four  Natural  Orders,  which  show  a 
tendency  to  reduction  in  the  parts  and  the  dimensions  of  the 
(lowers,  together  with  an  aggregation  of  them  into  dense  masses 
or  collections.  In  three  of  these  orders  the  inflorescence  is  a 
capitulum,  or  a collection  of  capitula  arranged  in  cymose  or 
racemose  fashions.  The  flowers  are  small  and 
generally  zygomorphic ; this  symmetry  is  due 
to  suppression  in  the  gyncecium,  or  to  irregu- 
larity in  the  corolla.  The  calyx  is  often  so 
closely  attached  to  the  ovary  that  it  appears  to 
be  absent ; it  is  never  conspicuous.  The  ovary 
has  only  one  cell  when  mature,  though  there 
may  be  more  when  the  flower  is  young.  The 
ovule  is  solitary. 

Order  1.  Valerianaceas. — This  order  in- 
cludes herbs  and  undershrubs  which  bear 
opposite  exstipulate  leaves.  The  inflorescence 
is  peculiar  among  the  members  of  the  cohort 
in  being  in  close-set  cymes,  which  are  some- 
times dichasial,  sometimes  scorpioid.  The 
capitulum  does  not  occur.  The  calyx  is  in 
most  cases  a mere  rim  round  the  apex  of  the 
ovary  ; as  the  fruit  advances  in  age  it  some- 
times becomes  a pappus.  The  corolla  is  often 
zygomorphic,  owing  to  the  formation  of  a spur. 
The  order  exhibits  suppression  in  the  androe- 
cium ; in  Valeriana  only  three  of  the  typical  five  stamens  are 
seen  ; in  Fedia  two ; and  in  Centranthus  only  one.  There  are 


1179.  Vertical 
section  of  ttie 
ovary,  &o.,  of  the 
liedVnlcrian(0«- 
t rant  hits  ruber), 
ca.  Calyx.  co. 
Corolla,  sty.  Style. 
o v.  Ovule. 
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three  carpels,  and  in  the  young  condition  the  ovary  exhibits  three 
cells,  but  only  one  contains  an  ovule,  and  as  the  fruit  ripens 
the  other  two  become  almost  entirely  absorbed.  The  solitary 
ovule  is  pendulous,  and  develops  into  a seed  without  endosperm. 

The  Valerianaceie  are  chiefly  natives  of  the  temperate  parts  of 
Europe,  Asia,  and  America ; they  are  rare  in  Africa.  There  are 
about  275  species.  The  rhizomes  of  some  of  them  contain  a strong- 
scented  volatile  oil,  which  renders  them  stimulant,  antispasmodic, 
and  tonic. 

Order  2.  Dipsace^e. — The  plants  of  this  order  are  all  herba- 
ceous, and  bear  opposite  exstipulate  leaves.  The  inflorescence 


lid-  1180.  1 ruit  of  Scabiosa  purpurea  ( Dipsacece ),  surmounted  by  the 

pappose  calyx. Fig.  1181.  One  of  the  central  florets  of  the  capitulum 

of  Scabiosa  purpurea , with  the  ovary,  Ac.,  cut  vertically. 


is  a capitulum  or  group  of  capitula,  each  having  an  involucre 
of  green  phyllaries  below  it.  The  flowers  of  this  order 
differ  from  those  of  any  other  members  of  the  cohort  by 
having  a small  bracteate  involucel  or  epicalyx  situated  below  it. 
I he  bracteoles  are  fused  together,  so  that  the  epicalyx  is  cup- 
like.  The  calyx  is  more  prominent  than  in  the  last  order,  and 
is  often  membranous  or  pappose ; the  corolla  is  zygomorphic, 
often  almost  bilabiate ; in  some  cases  two  of  the  petals  arc 
almost  completely  fused  together,  so  that  the  number  appears 
to  be  only  lour.  The  stamens  are  four  and  are  free ; the 
suppression  in  this  case  affects  the  posterior  stamen.  The 
ovary  is  bicarpellary,  1-celled,  and  contains  a solitary  pendulous 
ovule.  The  seed  has  endosperm,  and  the  radicle  is  superior. 


Fig.  1180. 


Fig.  1181. 
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A curious  feature  in  the  Dipsaceaj  is  that  the  order  of  expansion 
of  the  flowers  is  neither  centrifugal  nor  centripetal.  The  first  to 
unfold  are  in  most  cases  those  which  occupy  a zone  about  in  the 
centre  of  the  capitulum.  Some  authors  trace  this  to  the  probable 
development  of  the  capitulum  from  the  coalescence  of  a number  of 
dichasia,  such  as  are  found  in  the  Valerianacece. 

The  Dipsacese  are  chiefly  natives  of  the  south  of  Europe  and  of 
North  and  South  Africa.  A few  species  only  are  British.  There  are 
about  150  to  170  species. 

Order  3.  Calyckkace.-u.— This  is  a small  order  of  American  plants 
which  are  intermediate  between  Dipsacece  and  Composites.  They 
differ  from  the  former  in  having  alternate  leaves,  no  involucels,  and 
stamens  united  by  their  filaments  and  partly  by  their  anthers  ; from 
the  latter,  in  this  union  being  but  slight,  and  in  their  having  pendu- 
lous seeds  containing  endosperm. 

Order  4.  Composite'.. — The  plants  of  this  order  are  herbs 
or  shrubs  with  alternate  or  opposite  exstipulate  leaves.  The 
inflorescence  is  a capitulum,  which  generally  consists  of  a very 
large  number  of  flowers, 'j  seated  on  a convex  or  flattened 
receptacle.  The  number  varies  very  greatly,  in  one  case  only 
a single  one  being  present.  The  flowers  show  a great  deal  of 
suppression,  which  affects  both  the  perianth  and  the  sporophylls. 
The  calyx  is  seldom  recognisable  as  such,  being  represented 
by  a pappus,  or  altogether  absent.  The  suppression  in  the 
sporophylls  affects  the  andrcecium  more  frequently  than  the 
pistil,  but  in  some  cases  both  whorls  are  absent ; in  the  latter 
case  the  corolla  is,  as  a rule,  developed  more  than  in  the  perfect 
flowers.  The  arrangement  of  the  flowers  in  the  capitulum  also 
varies : in  some  cases  they  are  all  perfect ; in  others  sterile 
flowers  are  placed  round  the  circumference,  while  perfect  ones 
occupy  the  centre.  The  corolla  is  composed  of  five  petals, 
which  are  typically  arranged  to  form  a tube  with  five  small 
teeth  at  its  apex  ( tip.  1182).  In  some  cases  this  tubular  corolla 
is  slit  open  down  one  side  almost  to  the  base,  and  flattened  out 
{Jig.  1183).  Such  a corolla  is  termed  ligulate.  In  many 
capitula  the  flowers  round  the  circumference  have  ligulate 
corollas,  sometimes  containing  no  stamens  and  sometimes  no 
sporophylls  at  all.  These  flowers  are  often  called  ‘ florets  of  the 
ray,’  in  contradistinction  to  those  of  the  centre,  which  have 
tubular  corollas  and  are  known  as  ‘ florets  of  the  disc.’  In  some 
capitula  this  distinction  is  not  seen ; the  florets  are  all  ligulate 
or  all  tubular.  In  other  cases  the  corollas  are  bilabiate. 
The  stamens  are  always  five,  and  their  anthers  are  united 
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together,  forming  a tube  through  which  the  style  passes.  This 
attachment  of  the  stamens  is  known  as  syngenesious , to  dis- 
tinguish it  from  the  monadelphous  condition,  in  which  the 
cohesion  affects  the  filaments  only.  The  pistil  is  bicarpellary  ; 
the  ovary  1-celled,  with  a single  basal  erect  ovule,  which  springs 
from  the  axis  and  not  the  carpels.  It  affords  an  instance  of 
the  occurrence  of  axial  sporangia  in  the  Phanerogams.  The 
seed  has  no  endosperm. 

Fig.  1182.  Fig.  1183.  Fig.  1184.  Fig.  1185. 


Fig.  1182.  Labiate  floret  of  Chmlanlhera  linearis,  o.  Ovary  with  adherent 
calyx.  /.  Tube  of  the  corolla.  Is.  Upper  lip  of  the  corolla,  li.  Lower  lip. 

e.  Tube  formed  by  the  united  anthers,  s.  Stigmas. Fig.  1183.  Vertical 

section  of  the  floret  of  Aster  rubricaulis.  o.  Ovary  containing  one 
erect  ovule,  a.  Pappus  calyx,  p.  Corolla,  s.  Style,  e.  Tube  formed  by 

the  united  anthers. Fig.  1184.  Floret  of  the  Ohieory  ( Ciehorium 

Intybus).  o.  Ovary  with  adherent  calyx,  e.  Tube  formed  by  the  united 

anthers.  .«.  Stigmas. Fig.  1185.  Vertical  section  of  the  ripe  fruit  of 

the  Groundsel  (Senecio),  surmounted  by  a portion  of  the  style,  s ; and 
the  pappus  calyx,  p.  Pericarp.  I.  Testa,  e.  Seed.  (After  Jussieu). 

The  capitulum  is  always  surrounded  by  an  involucre  of 
phyllaries,  sometimes  arranged  in  several  series.  The  involucel 
or  epicalyx  of  the  Dipsacete  is  not  represented.  Some  species 
have  each  floret  or  flower  situated  in  the  axil  of  a scarious 
bract  springing  from  the  thalamus.  These  are  known  as  the 
palece  of  the  receptacle. 

The  order  has  been  variously  divided  by  different  authors.  By 
Linnaeus,  the  plants  of  his  class  Syngenesia,  division  Polygamia 

VOL.  II.  A A 
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(which  corresponded  to  the  Natural  Order  Compositte),  were  arranged 
in  five  orders,  under  the  names  of  Polygamia  cequalis,  P.  sicperflua, 
P.  frustranea,  P.  necessaria,  and  P.  scgregata.  Jussieu  separated 
the  Composite  into  three  sub-orders  as  follows  : — 1.  Corymbiferce, 
the  plants  of  which  have  either  all  tubular  and  perfect  florets  ; or 
radiant,  those  of  the  disc  being  tubular  and  perfect,  and  those  of  the 
ray  generally  ligulate  and  pistilliferous.  2.  Cynarocephalc e,  the 
florets  of  which  are  all  tubular  and  perfect ; or  those  of  the  disc 
perfect,  and  those  of  the  ray  neuter.  And  3.  Ciclioracece,  having  all 
the  florets  ligulate  and  perfect.  A fourth  sub-order  was  afterwards 
added,  called  Labiatiflonc,  which  includes  those  plants  the  florets  of 
which  were  bilabiate,  and  which  were  unknown  to  Jussieu. 

Fio.  118(5. 


/■'in.  U8G.  Stylos  ami  stigmas  of  composite  flowers.  1.  Albertinia  cry- 
/hropa/i/ia  (Holiniitlioldere).  2.  Anitochtela  mikanioMes  (Eupatorieai). 

:s.  /II  ii  in  "a  tenecloides  ( Asteroid  eic).  1.  Memlerin  bicolor  (Seneoioidew). 
ft.  U/iochicIn  iiinbellnln  (Seuooioidcie).  ii.  Apluln.rh  nejialnisi.i  (Cymircte). 

7.  /.“iicotifrin  tpertahilit  (Mutisieffi).  H.  Leuceria  Icnuh  (Nassnuviero). 

The  arrangement  most  frequently  adopted  at  the  present  day 

is  as  follows : — 

Sub-order  1.  Tubuliflob®.— Florets  all  tubular  and  perfect;  or 
those  of  the  centre  (disc)  are  tubular,  and  alone  perfect,  while 
those  of  the  circumference  (ray)  are  tubular  or  ligulate,  and 
pistillate  or  neuter;  juice  watery.  This  sub-order  includes  the 
Corymbifera;  and  Cynarocephalm  of  Jussieu.  It  has  been  divided 
into  nine  tribes  as  follows  : — 

Tribe  1.  Eupatoriece.-  Opposite  leaves;  florets  tubular;  style  cylin- 
drical, with  narrow  branches  ; papillose  surface  near  the  end. 

Tribe  2.  Aslcroideic. — Style  cylindrical ; its  arms  linear,  flat  on  (lie 
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outside,  equally  and  finely  downy  on  the  Inside  ; papillose  surface 
extending  to  the  hairs.  Leaves  alternate. 

Tribe  3.  Scnecionidea.— Florets  of  the  ray  generally  present,  ligulate, 
pistillate  ; style  cylindrical,  its  branches  linear  and  tufted.  Leaves 
alternate. 

Tribe  4.  Anthemidecc.— Ray  florets  sometimes  tubular,  pistillate  ; 

pappus  minute,  sometimes  absent.  Style  as  in  Tribe  4. 

Tribe  5.  Helicmthoidece.—  Leaves  opposite.  Ray  florets  pistillate  or 
neuter,  ligulate,  sometimes  absent.  Style  cylindrical,  branches 
hairy  on  the  inside.  Pale®  of  receptacle  generally  present. 

Tribe  6.  Helenioidea. — Like  Tribe  5,  but  no  pale®  of  the  receptacle. 
Tribe  7.  Inuloideat. — Leaves  alternate ; anthers  with  two  bristles  a 
their  base.  Ray  florets  sometimes  absent. 

Tribe  8.  Calendulece. — The  ray  florets  pistillate,  those  of  the  disc 
staminate.  Pappus  absent,  no  pale®  of  the  receptacle.  Fruits 
large,  warty. 

These  tribes  correspond  to  the  sub-order  Corymbifer®  of  Jussieu  ; 
the  next  forms  the  Cynarocephal®  of  the  same  author. 

Tribe  9.  Cynarece. — Style  thickened  above,  and  often  with  a bunch 
or  ringe  of  hairs  at  the  enlarged  portion  ; its  branches  united  or 
free. 

Sub-order  2.  Lariatiflor/E. — Florets  with  bilabiate  corollas,  perfect 
or  unisexual.  Juice  watery.  Of  this  sub-order  we  have  two 
tribes : — 

Tribe  10.  Mutisiece. — Style  cylindrical  or  somewhat  swollen ; its 
arms  usually  blunt  or  truncate,  very  convex  on  the  outside,  and 
either  covered  at  the  upper  part  by  a fine  uniform  hairiness,  or 
absolutely  free  from  hairs. 

Tribe  11.  Nassauviecc Style  never  swollen ; its  arms  long,  linear. 

truncate,  and  fringed  only  at  the  point. 

Sub-order  3.  Liguliflor.e. — Florets  all  ligulate  and  perfect.  Juice 
milky.  This  corresponds  to  the  Cichorace®  of  Jussieu. 

Tribe  12.  Cichorece. — Style  cylindrical  at  the  upper  part ; its  arms 
somewhat  obtuse,  and  equally  pubescent. 

The  flowers  owe  their  conspicuousness  to  being  crowded  together 
into  capitula.  They  are  generally  cross-pollinated,  the  peculiar 
arrangement  of  the  style  and  stamens  rendering  self-pollination 
difficult.  The  tube  of  the  corolla  is  in  most  eases  charged  to  a 
greater  or  less  extent  with  honey,  attracting  particularly  butterflies 
and  bees.  The  stamens  are  protandrous,  and  discharge  their  pollen 
introrsely,  filling  up  the  little  box  which  is  made  by  their  syngenesious 
attachment.  The  style  at  this  period  has  not  reached  its  full  elonga- 
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tion,  and  remains  in  the  centre  of  the  box  with  its  stigmatic  surfaces 
closely  pressed  together,  preventing  any  pollen  from  reaching  them. 
A little  later  the  style  grows  in  length,  and  sweeps  the  pollen  which 
surrounds  its  closed  branches  out  of  the  top  of  the  pollen  box.  The 
lobes  then  separate  slowly  and  expose  the  stigma.  The  pollen  of 
the  flower  has  been  mainly  swept  away  before  this  expansion  ; what 
little  is  left  adhering  to  the  style  is  on  the  exterior  surface  of  its 
branches,  where  there  are  no  stigmatic  papillae.  The  pollen  is  thus 
shed  on  to  the  top  of  the  inflorescence,  and  is  distributed  by  the 
visiting  insects,  mainly  reaching  the  stigmas  of  other  flowers  and 
being  partly  removed  to  other  capitula  by  the  intruders.  Self-pollina- 
tion is,  of  course,  not  impossible  under  this  arrangement,  but  the 
dichogamy  renders  it  unlikely  in  most  cases.  It  is  found,  however, 
in  Scnccio.  In  some  tribes  wind-pollination  occurs. 

The  order  Composite  is  the  largest  known,  including  about  12,000 
species.  It  is  universally  distributed,  but  its  sub-orders  are  not 
equally  represented  everywhere.  The  Tubnli flora  are  most  abundant 
in  hot  and  the  Liguliflorai  in  cold  climates.  The  Labiatatflorce  are 
almost  entirely  confined  to  the  extra-tropical  regions  of  South 
America.  In  the  northern  parts  of  the  world  the  plants  of  this 
order  are  universally  herbaceous ; in  some  parts  of  the  southern 
hemisphere  they  are  shrubby,  and  a few  are  arborescent. 

The  properties  of  the  plants  of  the  order  vary  greatly.  A bitter 
principle,  which  has  tonic  properties,  is  almost  universal  in  them. 
Some  are  laxative  and  anthelmintic.  Many  contain  a volatile  oil, 
which  communicates  aromatic,  carminative,  and  diaphoretic  pro- 
perties. Others  are  acrid  stimulants ; and  the  LiguUflorat  commonly 
abound  in  a bitter  milky  juice,  which  is  sometimes  narcotic. 


Cohort  3. — Canipanalcs. 

The  plants  of  this  group  have  their  stamens  attached  to  the 
top  of  the  ovary,  and  not,  like  most  of  the  Gamopetalte,  to  the 
corolla.  They  are  Boinetimes  syngcncsious,  sometimes  free. 
The  flowers  arc  pentamerous,  sometimes  actinomorphic,  some- 
times zygomorphie.  Suppression  however  occurs,  particularly 
in  the  gyuoecium,  which  is  generally  tricarpellary.  The  ovules 
ax-e  numerous  in  each  of  the  loculi,  and  are  arranged  on  an  axile 
placenta ; and  the  fruit  is  a capsule,  and  the  seeds  contain  endo- 
sperm. The  plants  are  usually  herbs,  rarely  shrubs  ; they  have 
generally  a milky  latex. 

Order  1.  Stylidiace/e-  A small  Australian  order,  embracing 
about  100  species.  The  flowers  are  zygomorphie  and  have  only  two 
stamens,  which  are  united  to  the  style. 


DTCOTYLEDONES — GAMOPETAL/E 


357 


Order  2.  Goodeniace/E.— A small  order,  also  chiefly  Australian, 
embracing  about  200  species. 

Order  3.  Campanulace.®. — The  plants  of  this  order  are 
herbs  or  shrubs,  and  bear  alternate  exstipulate  leaves  ; they  have 
usually  a milky  juice.  The  inflorescence  is  generally  racemose, 
but  the  axis  terminates  in  a flower.  It  is  a capitulum  in 
Jasione.  The  flowers  are  actinomorphic  or  zygomorphie,  the 


Fig.  1187.  Diagram  of  the  flower  of  Rampions  ( Campanula  Rapuncuhts). 

Fig.  1188.  Vertical  section  of  the  seed. Fig.  1189.  Vertical 

section  of  the  flower. 


corolla  in  the  former  case  being  campanulate ; sometimes  the 
zygomorphy  is  due  to  suppression  in  the  gyncecium.  The 
stamens  do  not  adhere  to  the  corolla,  but  are  epigynous ; the 
filaments  are  broad,  almost  circinate  at  their  bases ; and  the 


anthers  are  in  many  cases  more 
or  less  coherent.  The  flowers 
are  protandrous ; and  the  stamens 
wither  after  discharging  their 
pollen.  The  ovary  is  in  some 
cases  only  half  inferior,  and  is 
generally  trilocular,  containing 
numerous  ovules  in  each  cell, 
arranged  on  an  axile  placenta. 
The  style  is  sturdy  and  covered 
with  hairs,  on  which  the  pollen 
is  collected  when  the  stamens 
have  dehisced.  The  fruit  is  a 
capsule. 


Fig.  1191. 


The  order  Comprises  the  follow-  Fig.  1190.  Stigma  of  Lobelia  syphilitica. 
ing  two  sections  : — ~.  ^’*.7. 1191.  The  sporophylls  of  the 

above,  with  the  calyx. 

1.  Campamileee. — Flowers  ac- 
tinomorphic ; anthers  free.  Inflorescence  with  a terminal  flower. 

2.  Lobeliece — Flowers  zygomorphie  ; corolla  bilabiate  ; anthers 
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syngenesious  ; stigma  with  hairs  at  its  base  (fig.  1190) ; no  termina 
flower  to  the  inflorescence. 

The  plants  of  this  order  are  natives  chiefly  of  the  temperate  part 
of  the  northern  hemisphere ; many  are  found  also  in  the  southern 
hemisphere,  especially  at  the  Cape  of  Good  Hope.  A few  species  are 
tropical.  About  900  to  1,000  species  are  known. 


Series  2. — Heteromeje  or  Super.*:. 

In  this  group  the  ovary  is  superior,  except  in  the  order 
Vacciniacece ; the  stamens  are  epipetalous,  but  sometimes 
attached  so  near  the  base  of  the  petals  as  to  appear  almost  or 
quite  free  and  hypogynous.  Carpels  more  than  two. 


Cohort  1. — Eric  ales. 


Fio.  1192. 


The  stamens  are  hypogynous  except  in  V acciniacecc  ; they 
may  be  in  a single  whorl  alternate  with  the  corolla  lobes, 
or  may  be  obdiplostcmonous.  The  ovary  is  inferior  in  Vac- 
ciniacece, superior  in  the  rest  of  the  orders  of  the  cohort ; the 

ovary  has  usually  more  than  two 
Fin.  1193.  cells,  and  the  plaeentation  is  axile. 
The  seeds  are  endospcrmous. 

Order  1.  Vacoiniace/e. — This  is 
a small  order  consisting  of  shrubs 
and  small  trees.  The  flowers  are 
characterised  by  their  inferior  ovary, 
gamopetalous  corolla,  and  baccate 
fruit;  the  stamens  are  epigynous ; 
the  anthers  bear  appendages  and 
dehisce  by  pores. 

Order  2.  Ericaceae.  — The 
plants  of  this  order  are  shrubs  of 
a very  wiry  habit,  which  bear 
small,  generally  folded  leaves. 
The  (lowers  are  hypogynous ; the 
petals  are  coherent,  but  in  some 
cases  only  very  slightly  at  their 
bases ; the  corolla  is  generally 

_ _ The  stamens  are  in  two  whorls  ; 

the  anthers  are  appendiculate,  and  dehisce  by  pores  as  in  the 
last  order.  The  fruit  is  commonly  a capsule,  but  sometimes  it 
is  succulent.  The  ovary  has  a disc  at  its  base. 


Fin.  1192.  Vertical  section  of  tlie 
flower  of  a species  of  Heath  ( Erica ). 

Pig.  11!):!.  SporophyllB  of  the 

same.  The  stamens  are  seen  to  he 
hypogynous. 

persistent  and  marcescent. 
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The  order  is  subdivided  as  follows  : — 

Tribe  1.  Arbutea. — Corolla  deciduous.  Fruit  baccate. 

Tribe  2.  Andromedea>. — Buds  usually  clothed  with  scales.  Corolla 
deciduous.  Fruit  capsular,  loculicidal. 

Tribe  8.  Ericetv. — Buds  naked.  Corolla  persistent.  Fruit  capsular, 
usually  loculicidal,  or  rarely  septicidal. 

Tribe  4.  Rhodorecv.  -Buds  scaly,  cone-like.  Corolla  deciduous. 
Fruit  capsular,  septicidal. 

Tribe  5.  Pyroleie.— Herbs  or  somewhat  shrubby  plants.  Corolla 
polypetalous,  or  the  petals  united  at  the  base,  deciduous.  Fruit 
capsular,  loculicidal. 

The  plants  of  the  order  are  very  abundant  at  the  Cape  of  Good 
Hope,  and  are  also  more  or  less  generally  distributed  in  Europe, 
North  and  South  America,  and  Asia.  There  are  more  than  900 
species. 

They  are  chiefly  remarkable  for  astringent  properties ; some  are 
tonic  and  diuretic,  and  others  are  narcotic,  or  even  poisonous.  This 
is  especially  the  case  with  Kalmia  latifolia,  Rhododendron  chrysan- 
thum,  Andromeda  floribimda,  and  Azalea  pontica.  The  fruits  of 
many  are  edible. 

Order  8.  Monotropace^:. — A small  order  of  saprophytes  with 
scale-like  leaves  containing  no  chlorophyll.  The  stamens  are 
hypogynous,  obdiplostemonous  ; the  fruit  is  a loculicidal  capsule  with 
parietal  placentation. 

Order  4.  Epaceidace/e. — A small  order  of  Australian  Heaths, 
differing  from  Ericacece  chiefly  by  the  antipetalous  stamens  being 
suppressed.  The  anthers  dehisce  longitudinally  instead  of  by  pores. 

Order  5.  Diapensiace/e. — A small  order  of  Arctic  plants  in  which 
the  antipetalous  stamens  are  either  absent  or  represented  by  stami- 
nodes.  By  some  writers  this  order  is  placed  near  the  Polemoniaceie 
and  Hydrophyllacece.  The  ovary  is  tricarpellary. 

Order  6.  Lennoace®. — A small  order  of  root  parasites  whose 
leaves  contain  no  chlorophyll. 

Cohort  2. — Pnmulales. 

The  plants  of  this  group  are  characterised  by  the  peculiarities 
that  the  stamens  are  equal  in  number  to  the  petals  and  are 
opposite  to  them ; that  the  ovary  is  unilocular  and  bears  a free- 
central  placenta,  on  which  one  or  many  ovules  may  be  found. 

These  peculiarities  have  given  rise  to  considerable  discussion. 
The  single  whorl  of  antipetalous  stamens  is  usually  explained  now 
on  the  hypothesis  that  the  flower  has  been  diplostemonous,  and  the 
outer  or  antisepalous  whorl  has  been  suppressed.  There  are  many 
facts  which  support  this  view.  In  certain  genera  of  the  Primluacete, 
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Samolus,  Lysimachia,  and  Soldanella,  traces  of  such  a whorl  can 
be  recognised  in  small  staminodal  structures  which  occupy  the 
positions  of  its  missing  stamens.  In  the  Myrsinaceat  the  occurrence 
of  these  bodies  is  still  more  general,  and  they  are  in  many  cases 
petaloid.  The  occurrence  of  this  staminodal  development  is  found 
also  in  the  next  cohort,  the  Ebenalcs. 

Another  view  has  been  the  subject  of  discussion.  There  are 
apetalous  genera  in  the  cohort,  and  it  has  been  said  that  this  is  the 
normal  condition.  The  early  development  of  the  flower  appears  to  show 
a single  protuberance  arising  for  each  stamen  and  the  petal  behind  it, 
and  the  latter  has  consequently  been  held  to  be  a ligular  outgrowth 
of  the  staminal  leaf.  Frank  has  combated  this  view,  alleging  that 
in  the  youngest  condition  of  the  flower  this  apparently  single  pro- 
tuberance was  really  double,  and  that  the  two  fused  during  their 
early  growth,  separating  again  later  on. 

The  generally  accepted  view,  as  stated  above,  appears  to  be  based 
upon  satisfactory  evidence. 

The  free-central  placenta  has  been  held  by  many  botanists  to  be 
a case  of  axial  sporangia,  such  as  are  found  in  certain  of  the  Crypto- 
gams and  in  the  Composite,  but  much  more  pronounced  than  in  the 
latter  group. 

Others  have  attempted  with  much  ingenuity  to  reconcile  the 
structure  with  the  foliar  type  of  placentation.  On  their  hypothesis 
the  llower  has  five  carpels  with  axile  placentation,  the  ovules  being 
consequently  on  their  ventral  faces.  The  lateral  portions  of  the 
carpels  are  considered  to  be  suppressed  so  that  the  dorsal  portions 
form  the  wall  of  the  ovary,  while  the  ventral  parts  are  united  into  a 
free-central  placenta.  This  view  is  rather  difficult  to  hold  in  the 
case  of  the  Plumbaginaoea},  where  the  placenta  is  quite  basal  and 
bears  a single  pendulous  ovule  upon  a long  twisted  funicle,  the  latter 
rising  from  the  bottom  of  the  ovary.  To  explain  this  we  must 
assume  the  complete  development  of  the  dorsal  portions  of  the 
carpels  and  the  equally  complete  abortion  of  their  ventral  parts,  the 
latter  being  reduced  to  the  floor  of  the  ovary.  The  view  that  the 
ovules  or  megasporangia  are  borne  upon  the  axis  of  the  flower  which 
protrudes  into  the  cavity  of  the  ovary  formed  by  lateral  fusion  of 
the  carpels  has  much  to  recommend  it,  especially  since  the  demon- 
stration that  sporangia  in  the  lower  groups  of  plants  may  arise  upon 
either  stem  or  leaves. 

Order  1.  Plumbaginace.®. — The  plants  of  this  order  are 
herbs  or  undershrubs,  chiefly  found  upon  sandy  sea-shores  or 
deserts.  Their  leaves  are  borne  spirally  upon  the  stem,  and 
they  are  often  small  and  wiry,  or  fleshy.  Sometimes  rosettes 
of  radical  leaves  occur.  The  calyx  is  membranous  ; the  cohesion 
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of  the  petals  is  sometimes  very  slight,  the  flower  appearing 
almost  or  quite  polypetalous ; the  five  antipetalous  stamens 


Fio.  1194. 


Fig.  1194.  Diagram  of  the  flower  of  a 

species  of  Plumbago.- Fig.  1195. 

Sporopliylls  of  the  same. 


Fig.  1195. 


are  attached  to  the  petals  at  their  bases  ; the  pistil  is  composed 
of  five  carpels;  the  ovary  is  1 -celled ; the  styles  are  free  and 
spreading.  There  is  a single  basally  placed  ovule,  which  is 
pendulous  on  a long  stalk. 


Fig.  1196.  Fig.  1197. 


P * t 


K 


Fig.  1196.  Flower  of  the  Pimpernel  ( Anagallis  arvensis). 

c.  Calyx,  p.  Petals,  s.  Stamens. Fig.  1197.  Vertical 

section  of  the  flower  of  the  same.  pi.  Free-central 

placenta,  s.  Style  and  capitate  stigma. Fig.  1198. 

Vertical  section  of  the  seed  of  Primula  elatior.  t.  In- 
teguments. p.  Albumen,  e.  Embryo,  h.  Hilum. 


The  inflorescence  is  generally  a number  of  cymes,  but  in 
Armeria  it  is  a capitulum. 
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Order  2.  Primulace^. — This  is  the  most  important  order  of 
the  cohort.  The  plants  included  in  it  are  all  herbaceous,  with 
simple  exstipulate  cauline  or  radical  leaves.  These  are  much 
divided  in  the  aquatic  genus  Hottonia.  The  flowers  are,  as  a 
rule,  pentamerous  and  regular.  They  have  the  structure  of  the 
cohort,  and  are  specially  marked  by  the  large  placenta  covered 
with  numerous  seeds,  and  by  a complete  fusion  of  the  styles, 
which  form  a rod-like  body  crowned  by  the  stigma.  The  fruit 
is  a capsule. 

There  are  several  genera  which  exhibit  peculiarities.  The  flowers 
of  some  species  of  Primula  are  dimorphic,  one  form  having  the 
stamens  carried  at  the  throat  of  the  corolla,  while  the  style  reaches 
about  halfway  up  its  tube,  the  other  having  these  positions  reversed. 
Samolus  has  its  ovary  half  inferior.  In  Trientalis  the  flower  is 
lieptamerous,  in  Centunculus  usually  tetramerous  ; Glaux  has  no 
corolla ; Samolus,  certain  species  of  Lysimachia,  and  Soldanella 
have  a whorl  of  scaly  staminodes  opposite  to  the  sepals.  Cyclamen 
has  only  one  cotyledon.  Anagallis  has  opposite  leaves,  and  its  fruit 
is  a pyxis.  Hottonia  lives  in  ponds  and  slow  streams,  and  has  much- 
divided  leaves. 

Order  3.  Myrsinace/e. — This  is  a small  order  of  arborescent 
evergreen  plants  which  are  natives  of  the  southern  hemisphere. 
They  differ  from  the  last  order  chiefly  in  their  habit  and  in  bearing 
baccate  fruits.  They  have  a whorl  of  antisepalous  staminodes,  which 
are  sometimes  petaloid. 


Cohort  8. — Ebenales. 

The  plants  of  this  group  have  regular  flowers  which  are 
typically  diplostemonous,  though  the  outer  whorl  of  stamens  is 
sometimes  suppressed.  The  ovary  is  multilocular,  and  the 
placentation  is  axilc.  The  fruits  are  fleshy,  and  the  seeds  large  ; 
the  latter  contain  endosperm. 

Order  1.  Sapotacete. — An  order  of  tropical  trees  which  contain 
abundant  latex.  Some  of  them  are  the  source  of  gutta-percha. 

Order  2.  Ebenace®. — The  plants  of  this  order  are  also  tropical 
trees.  They  have  no  milky  latex,  and  their  flowers  are  in  many 
cases  diclinous. 

Order  3.  Styrace*.-  In  this  order  the  cohesion  of  the  petals  is 
very  slight,  and  the  ovary  is  more  or  less  inferior.  The  stamens  are 
often  two  or  three  times  the  number  of  the  petals,  and  in  some  cases 
are  monadelphous. 
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Series  3. — Bicarpellatm. 

In  this  group  the  ovary  is  superior,  and  consists  usually  of 
two  carpels.  The  stamens  are  epipetalous. 

Cohort  1. — Gentianales. 

The  plants  of  this  cohort  usually  bear  opposite  decussate 
leaves  without  stipules ; the  corolla  is  regular ; the  stamens 
generally  epipetalous,  equal  to  and  alternate  with  the  lobes  of 
the  corolla,  rarely  fewer.  The  pistil  consists  of  two  carpels. 

Order  1.  Oleace.®. — This  order  is  composed  of  trees  and 
shrubs  with  opposite  exstipulate  leaves.  The  flowers  are 
usually  perfect,  but  in  some  cases  diclinous.  The  calyx  and 
corolla  are  sometimes  absent,  but  when  present  are  tetramerous. 
There  may  be  four  or  eight  members  of  each  whorl.  The 
stamens  are  two,  or  rarely  four.  The  ovary  is  superior,  2-celled, 
with  two  usually  pendulous  ovules  in  each  loculus.  The  seeds 
have  generally  copious  endosperm. 

The  fruit  varies  in  the  different  tribes,  which  are  the  following: — 

Tribe  1.  Oleinece. — Fruit  a berry  or  drupe.  The  former  is  found 
in  the  Privet  (Ligustrum),  and  the  latter  in  the  Olive  (Olea). 

Tribe  2.  Fraxinece. — Fruit  a samara.  Fraxinus,  the  Ash,  has  no 
perianth. 


Fig.  1199.  Fig.  1200.  Fig.  1201. 


/l?^199U,Dla&'ram  *'*le  fl°wer  of  the  Lilac  (Syringa  vulgaris). Fig. 

1200.  Flower  of  the  Manna  Ash  (Fraxinus  Ornus),  with  4-cleft  calyx  ; 

“ }vl*~  distinct  petals ; two  stamens ; and  two  carpels.- 

rig.  1201.  V ertical  section  of  the  calyx  and  pistil  of  the  Privet  ( Ligustrum 
vulgare). 

Tribe  3.  Syrvngea. — Fruit  a capsule,  dehiscing  loculicidally. 
Tribe  4.  Jasmine^.— Fruit  a capsule  or  berry.  This  tribe  is  by 
some  botanists  considered  a distinct  Natural  Order.  It  is  marked  by 
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the  imbricate  aestivation  of  the  corolla,  the  erect  ovules,  and  the 
small  quantity  of  endosperm  in  the  seed. 

Oi  do  2.  Salvadokacea:. — A small  order  of  arborescent  plants 
found  in  India,  Syria,  and  North  Africa.  There  are  only  eight  or  nine 
species. 

Order  3.  Apocynace^e. — The  plants  of  this  order  are  mostly 
trees  and  shrubs,  sometimes  of  climbing  habit ; there  are  some 
herbaceous  species.  They  generally  contain  a milky  acrid  latex. 
The  leaves  are  opposite,  exstipulatc,  simple,  and  entire.  The 
calyx  is  persistent ; the  corolla  exhibits  contorted  aestivation. 
The  stamens  are  free  ; there  are  two  carpels,  which  are  in  most 


Fio.  1202. 


Fig.  1203. 


Fig.  1202.  Vertical  section  of  the 
flower  of  Periwinkle  ( Vitim). 

Fig.  1202.  Diagram  of  the 
(lower  of  the  same. 


cases  united  only  by  their  styles,  and  usually  become  two  fol- 
licles, or  two  drupes,  in  fruit.  The  coherent  styles  are  crowned 
by  a curious  dumb -boll-shaped  stigma.  In  some  genera  the 
carpels  are  coherent  completely  to  form  a capsule,  which  may 
be  1-celled  with  parietal,  or  2-celled  with  axile  placentation. 
In  other  genera  the  fruit  is  a berry.  The  seeds  are  generally 
eildospermous,  and  bear  a tuft  of  hairs. 

Order  4.  Asclepiadaceac.— This  is  a Natural  Order  closely 
allied  to  the  last,  but  exhibiting  striking  peculiarities  in  the 
arrangement  of  its  sporophylls.  The  plants  are  shrubs  or  herbs 
with  a milky  latex,  which  in  many  cases  is  poisonous.  The 
leaves  are  opposite  and  entire,  exstipulate.  The  union  of  the 
styles  observed  in  the  last  order  is  found  also  in  this,  but  the 
stigma  forms  a large  pentangular  body  at  their  apices  {fig.  1204). 
The  stamens  surround  this  angular  body  and  are  closely  pressed 
against  it.  The  anther  lobes  are  two ; and  the  pollen  grains  are 
agglutinated  together  to  form  a pollinium  in  each,  much  as  is 
the  case  in  the  Orchidacece.  At  each  angle  of  the  stigmatic  head 
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is  a gland,  and  below  this  the  groove  formed  by  the  approxima- 
tion of  the  anthers.  This  groove  secretes  a sticky  disc  called  a 
corpusculmn,  and  from  this  the  sticky  secretion  extends  on  each 


Fig.  1204. 


Fig.  1204.  Pistil  of  a species  of  Asclepias,  with  polliuia,  p , hanging  freely. 
h.  Pollen-masses  as  detached  from  contiguous  anthers. — -Fig.  1205. 

Diagram  of  the  flower  of  Asclepias  nivea. Fig.  1206.  Flower  of  a 

species  of  Asclepias,  with  the  stamens  united  and  forming  a tube  round 

the  pistil,  p.  Corolla,  a.  Appendages  of  the  stamens. Fig.  1207. 

One  of  the  stamens  of  the  same  removed,  f.  Filament,  a.  Anther. 
p.  Hornlike  appendage  of  the  filament. 

side  of  the  groove  to  the  pollinium  contiguous  to  it,  so  that  the 
left-hand  pollinium  of  one  anther  is  united  to  the  right-hand 
one  of  the  anther  next  it,  forming  a curious  forked  body  (fig. 
1204,  b).  The  receptive  surface  of  the  stigma  is  in  the  groove 
below  the  corpusculum.  The  stamens  have  a curious  appendage, 
the  cuctdlus  (figs.  1206,  1207),  which  functions  as  a nectary. 
The  fruit  consists  of  two  follicles  ; the  seeds  are  numerous  and 
bear  a tuft  of  hairs  ; there  is  but  little  endosperm. 

The  plants  are  pollinated  by  bees,  which,  crawling  over  the  flowers, 
catch  their  feet  in  the  grooves  at  the  angles  of  stigmas,  and  conse- 
quently withdraw  the  corpuscula  with  the  two  pollinia  attached. 
These  are  subsequently  deposited  in  other  grooves  during  the  insects’ 
wanderings,  and  either  left  there  or  broken,  and  the  pollen  rubbed  on 
the  stigmatic  surface  in  the  groove. 

Order  5.  Loganiackte. — A small  tropical  order  of  arborescent 
plants,  many  of  which  have  a climbing  habit.  They  are  almost 
universally  poisonous,  acting  on  the  nervous  system  and  producing 
frightful  convulsions.  Several  have  been  used  in  medicine  in  torpid 
or  paralytic  conditions  of  the  muscular  system,  and  for  their  valuable 
tonic,  anthelmintic,  and  other  properties. 
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Order  6.  Gentianaceas. — The  plants  of  this  order  are  in 
most  cases  herbaceous,  and  contain  no  latex.  The  leaves  are, 
except  in  Menyanthece,  opposite,  entire,  exstipulate,  and  some- 
times slightly  connate  at  their  bases  ( Chlora ).  The  inflores- 
cence is  typically  cymose,  dichasia  often  occurring  (fig.  1208) ; in 


Fig.  1208. 


some  species  the  flowers  are 
solitary.  The  calyx  is  usually 
polysepalous ; the  corolla  tubu- 
lar and  marcescent.  The  ovary 
is  1-celled,  or  partially  2-celled 
from  the  ingrowth  of  two  well- 
marked  parietal  placentas. 
The  fruit  is  a septicidal  2- 
valved  capsule  ; the  seeds  are 
numerous,  anatropous  in  form, 
and  contain  endosperm. 

There  are  two  divisions  of  the 
order,  which  differ  greatly  in 
habit. 

1.  Gentiancce.—  These  plants 
have  the  characters  given  for 
those  of  the  order  ; their  corolla 
is  contorted  in  mstivation. 

2.  Menyantliece. — These  are 


Fig,  1208.  Dichasinl  cymeorDicliasiumof 
the  Centaury  (Erijt/irwa  Cen/aurium). 
a',  a",  a'",  a"".  Floral  axes. 

Flowers  terminating  those  axes 
respectively.  The  flowers  will  be  oh- 
served  to  be  most  developed  in  proportion 
to  their  age ; thus  /'  is  in  the  state  of 
fruit : expanded ; and 

tlie  others  still  in  hud. 


aquatic  plants,  with  alternate 
leaves  and  a valvate  Aestivation 
to  the  corolla.  Mcnyanthes,  the 
Buck-bean,  has  erect  ternate 
leaves,  while  those  of  Liftman- 
themum  (Villarsia)  float  upon 
the  surface  after  the  manner  of 


the  Water-lilies.  In  Mcnyanthes  the  carpels  are  placed  obliquely. 

The  Gcntianaceuj  are  cosmopolitan  in  their  distribution,  and  many 
of  them  are  Alpine.  There  are  nearly  (500  species.  Most  of  them 
contain  a bitter  principle,  being  tonic,  stomachic,  and  febrifugal. 


Cohort  2. — Polemoniales. 

The  plants  of  this  group  have  generally  alternate  leaves, 
usually  simple  and  entire,  though  lobed  and  compound  forms 
occur  ; they  are  always  exstipulate.  The  corolla  is  regular  or 
nearly  so  ; the  stamens  equal  in  number  to  and  alternate  with 
the  corolla  lobes.  In  a few  cases  there  are  more  than  two 
carpels. 
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Order  1.  Polemokiace.e. — This  is  a small  order,  including  not 
more  than  150  species,  which  are  most  abundant  in  North  America. 
They  have  a tricarpellary  pistil,  forming  a 3-celled  ovary  with  axile 
placentation,  and  bearing  a trilid  style. 

Order  2.  Hydrophyllaceal. — A very  small  order  of  principally 
North  American  plants,  which  resemble  in  habit  the  Boraginacece. 
They  dili'er  from  the  latter  in  having  an  ovary  which  is  usually 
1-celled  with  two  parietal  placenta;. 

Order  3.  Boraginace.e. — The  plants  of  this  order  have  a 
very  characteristic  vegetative  habit.  They  are  herbs  or  rarely 
trees,  with  usually  rounded,  rough,  hairy  stems,  bearing  alter- 
nate leaves  which  are  also  rough.  The  hairs  are  stiff  and  harsh, 
sometimes  almost  stinging.  In  a few  species  this  hispid  cha- 
racter is  wanting.  The  inflorescence  consists  of  a number  of 
helicoid  cymes,  usually  arising  in  pairs,  often  with  a single 
flower  at  the  bifurcation.  The  flowers  are  regular  except  in 


Fig.  1209. 


Fig.  1210. 


t'ig.  1209.  Vertical  sec- 
tion of  the  fruit  of 
a species  of  Myosotis. 
Two  lobes  are  seen,  anil 
two  have  been  removed. 

fig.  1210.  Diagram 

of  the  flower  of  the 
Oomfrey  ( Symphytum 
officinale). 


one  or  two  species,  where  a slight  zygomorphy  occurs.  The 
corolla  is  rotate  ; and  the  petals  often  bear  ligular  outgrowths  or 
scales  at  the  junction  of  the  claw  and  limb.  The  stamens 
alternate  with  the  corolla  lobes.  The  two  carpels  form  a 
4-lobed  ovary  in  consequence  of  the  development  of  a false 
septum,  which  grows  inwards  and  downwards  from  the  midrib 
of  each  carpel  and  causes  a constriction  into  two,  which  then 
develop  separately  and  curve  inwards  and  downwards,  causing 
the  style  to  arise  from  the  apparent  base  of  the  ovary  between 
the  four  lobes.  The  receptacle  on  which  the  carpels  rest 
frequently  forms  a conspicuous  conical  disc  [fig.  1209).  The 
position  of  the  style  is  termed  gynobasic.  Each  lobe  of  the 
ovary  is  1-celled  and  contains  a pendulous  anatropous  ovule. 
The  fruit  is  a schizocarp,  splitting  into  four  nutlets.  The 
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seeds  contain  no  endosperm  except  in  a few  cases ; the  radicle  is 
superior. 

The  order  may  be  conveniently  divided  as  follows  : — 

Sub-order  1.  Ehretiece. — In  this  group,  which  some  botanists  prefer 
to  consider  a separate  order,  the  style  is  terminal  and  the  ovary 
does  not  become  4-lobed.  In  some  genera  the  fruit  is  a drupe. 
Sub-order  2.  Cordiece. — This  group  includes  only  arborescent  forms, 
with  drupaceous  fruits. 

Sub-order  3.  Boragece.— In  this  group  the  style  is  gynobasic,  and  the 
fruit  a schizocarp.  It  includes  two  sections  : one,  represented  by 
Echium,  Pulmonaria,  and  other  genera,  has  no  ligular  scales  to 
the  corolla ; the  other  possesses  them  in  greater  or  less  promi- 
nence, the  throat  of  the  corolla  sometimes  being  almost  closed 
by  them. 

The  character  of  the  inflorescence  in  this  order  has  given  rise  to 
some  discussion.  The  view  that  it  is  a sympodial  helicoid  cyme  is 
opposed  by  some,  who  prefer  to  consider  it  a unilateral  raceme  bear- 
ing usually  two  rows  of  flowers  upon  the  upper  side  of  the  curved 
axis.  It  lias  been  suggested,  again,  that  in  some  at  least  of  the 
order  the  branching  is  not  lateral  at  all,  but  dichotomous  ; the  grow- 
ing point  of  the  successive  axes,  after  the  first,  dividing  into  two 
equal  ones,  one  of  which  forms  a flower,  and  the  other  again 
dichotomises. 

Order  4.  Convolvulace^e. — The  plants  of  this  order  are 
herbaceous  or  shrubby,  trailing  or  climbing  by  means  of  a 
twining  stem.  Some  of  them  are  leafless  parasites  without 
chlorophyll.  The  leaves  are  alternate  and  exstipulate.  The 
flowers  are  regular  ; the  calyx  has  persistent,  almost  free  sepals ; 
the  corolla  is  twisted  in  the  bud,  the  direction  of  the  twist 
being  to  the  right.  In  the  Cuscutece  it  bears  ligular  scales  (fig. 
1214).  The  ovary  is  usually  2-celled,  with  two  erect  anatro- 
pous  ovules  in  each  cell.  In  some  species  a false  septum  divides 
each  loculus  into  two,  as  in  the  last  order,  but  the  separation 
with  four  free  lobes  does  not  occur.  In  the  Nolcmece  there 
are  five  or  more  carpels,  which  divide  into  a number  of  separate 
nutlets.  The  fruit  is  a capsule,  with  septifragal  or  occasion- 
ally transverse  dehiscence,  or  in  a few  species  a berry. 

The  order  is  divided  into  the  following  tribes : — 

1.  Convolvulecv.— This  tribe  includes  the  twining  herbs,  which 
have  usually  a milky  latex.  The  flowers  are  solitary,  axillary ; the 
corolla  has  the  well-known  trumpet  shape  and  withers  very  quickly. 
In  some  species  there  is  a bracteolar  epicalyx  (fig.  1212). 
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2.  Cuscutece.—  Parasites  with  no  leaves.  A twining  stem  sur- 
rounds closely  such  host  plants  as  it  attacks,  and  sends  haustoria  into 
their  tissues.  These  plants  are  very  degraded  forms ; they  have  no 
cotyledons  to  the  embryo,  which  consists  only  of  a cylindrical  spirally 
coiled  axis  (fig.  1215).  The  seed  germinates  in  the  ground,  producing 
a root  with  no  root-cap,  and  a small  plumule  which  continually  cir- 
cumnutates  till  it  comes  into  contact  with  a host  plant,  round  which 

Fig.  1211. 


Fig.  1214. 


Fig.  1211.  Flower  of  Gieat  Bindweed  (Convolvulus  septum). Fig.  1212. 

Diagram  of  the  same  flower,  showing  two  bracts  on  the  outside  of  the 

calyx. Fig.  121  Si.  Vertical  section  of  the  seed  of  the  same. Fig.  1214 

Corolla  of  Dodder  ( C'uscuta ) laid  open  to  show  five  epipetalous  stamens 

and  the  scales  in  its  tube. Fig.  1215.  Spiral  embryo  of  a species  of 

Cuscuta. 

it  coils.  The  root  soon  perishes,  and  the  little  seedling  establishes 
parasitic  relations  with  the  host.  The  flowers  form  close  clusters 
almost  capitula.  The  Cuscutas,  or  Dodders,  are  parasitic  on  various 
host  plants,  frequently  infesting  Clover. 

3.  Dichondrece. — The  plants  of  this  tribe  do  not  twine,  and  are 
without  latex.  There  are  two  free  carpels. 

4.  Nolaneat. — Carpels  five  or  more,  separating  when  ripe  into  a 
number  of  nutlets. 
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The  plants  of  this  order  are  chiefly  remarkable  for  the  presence 
of  an  acrid  milky  purgative  juice  in  their  roots ; hence  the  order 
includes  some  important  medicinal  plants.  In  the  roots  of  some 
species  this  purgative  principle  is  either  absent  or  in  but  small 
quantity.  The  seeds  also  of  some  species  are  purgative. 

Order  5.  Solanacete. — -This  order  includes  herbs,  shrubs, 
and  trees,  the  first-named  preponderating.  Their  latex  is  not 
milky.  Some  of  them  are  climbers,  the  mechanism  being 
sensitive  petioles  (Solatium).  The  leaves  are  usually  alternate 
and  exstipulate,  but.in  some  species  they  are  arranged  in  pairs,  the 
leaves  of  a pair  being  of  unequal  sizes.  This  is  due  to  displace- 
ment of  the  leaves.  The  inflorescence  is  cymose,  but,  like  the 


Fia.  121(i.  Diagram  of  flowerof  Petunia,  showing  the  oblique  symmetry. 

fig  1217.  Vertical  section  of  the  flower  of  the  Potato  (Solarium),  c.  Calyx. 

p.  v.  Corolla,  o.  Ovary,  e.  Stamens.  .1.  Style  and  stigma. Fig.  1218. 

Vertical  section  of  the  seed  of  Solatium  Dulcamara,  le.  Testa,  ch.  Chalaza. 
alb.  Endosperm,  enclosing  the  curved  embryo. 


branching  of  the  stems,  it  is  much  complicated  by  displacement 
of  the  bracts,  which  are  adherent  for  some  little  distance  to  the 
secondary  axes,  and  hence  appear  to  spring  from  the  latter, 
instead  of  subtending  them.  The  flowers  are  apparently 
regular,  but  are  really  zygomorphic  in  an  oblique  plane,  the 
carpels  being  only  two,  which  arc  not  placed  antero-posteriorly 
(fuj.  1216).  Zygomorphy  is  seen  in  the  corolla  in  Hyoscyamus , 
and  in  the  androecium  in  some  other  genera,  the  stamens  differ- 
ing in  length  and  becoming  almost  didynamous.  The  pistil 
has  two  carpels,  which  form  a 2-celled  ovary  with  conspicuous 
axile  placentie  carrying  numerous  seeds.  The  fruit  is  a capsule 
in  some  genera,  a berry  in  others.  The  seeds  have  generally  a 
curved  embryo  in  fleshy  endosperm. 


Fio.  1210. 


Fio.  1217. 
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The  order  is  divided  into  the  following  tribes 

1.  Solanece. — The  fruit  in  the  plants  of  this  tribe  is  a berry.  The  em- 
bryo is  curved.  Solatium  has  syngenesious  anthers,  which  dehisce 
by  pores.  Atropa  Belladonna  is  the  Deadly  Nightshade ; it  is  the 
source  of  the  drug  belladonna.  Nicandra  has  five  carpels. 
Physalis  bears  a red  accrescent  calyx,  which  surrounds  the  fruit. 

2.  Daturece. — The  fruit  is  a capsule,  which  in  some  species  ( Datura 
Stramonium ) becomes  4-celled  from  an  outgrowth  and  displace- 
ment of  the  placentas.  It  has  septi- 
fragal  dehiscence.  Hyoscyamus  has  a 
fruit  which  dehisces  transversely ; it 
remains  surrounded  by  a persistent 
calyx,  which  is  globose  at  its  base. 

3.  Cestrece. — In  this  tribe  the  embryo  is 
not  curved.  It  includes  Nicotiana,  the 
Tobacco-plant.  Petunia  has  zygomor- 
phic  symmetry  (fig.  1216). 

4.  Salpiglossidea. — This  tribe  approaches 
the  Scrophulariacece.  Its  stamens  are 
unequal  n length,  and  some  of  them 
become  staminodes.  Schizantlius  has 
much-dissected  petals. 

The  plants  of  this  order  are  nearly 
all  poisonous  in  some  part  of  their  struc- 
ture. The  poisonous  principle  is  generally 
narcotic.  Some  are  pungent  and  stimu- 
lant, owing  to  the  presence  of  an  acrid 
oleo-resin ; others  contain  a bitter  tonic 
principle.  A few  have  edible  fruits  1-19-  Vertical  section  of 
(Lycopersicum,  the  Tomato)  or  tubers 
( Solatium  tuberosum , the  Potato). 

About  1,500  species  are  known,  of  which  most  are  tropical. 

Cohort  3. — Personales. 

The  plants  of  this  group  are  generally  heteromerous, 
suppression  occurring  in  both  androecium  and  gyncecium.  The 
corolla  is  usually  irregular,  the  stamens  didynamous,  or  five,  or 
two.  The  two  carpels  are  placed  antero-posteriorly  ; the  ovules 
are  generally  numerous. 

Order  1.  Scrophulariace.®. — These  are  herbaceous  or 
sometimes  shrubby  plants  with  square  or  rounded  stems 
bearing  alternate  or  opposite  leaves,  without  stipules.  The 
flower  bears  a strong  general  resemblance  to  that  of  the 
Solanaceee,  but  the  zygomorphy  is  more  conspicuous,  almost 

b b 2 


Fig.  1219. 
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always  extending  to  the  corolla  and  stamens.  The  corolla  is 
frequently  personate.  The  stamens  vary  in  number ; there  are 
five  in  the  Pseudosolanece,  two  in  the  genus  Veronica,  and  four 
in  the  rest  of  the  order,  the  arrangement  being  didynamous. 
In  a few  genera  a staminode  is  found  in  the  place  of  the  fifth 
stamen.  The  pistil  is  like  that  of  Solanacece,  but  the  two 
carpels  are  placed  in  the  antero-posterior  plane.  The  embryo  is 
straight,  and  the  endosperm  is  abundant. 

The  order  passes  easily  into  the  Solanaceos,  the  connecting  links 
being  the  Pseudosolanece  of  the  present  group  and  the  Salfiiglossiclccc 
of  the  Solanacete. 

The  order  is  divided  into  the  following  tribes  : — 

1.  Pseudosolanece. — The  flower  is  nearly  regular,  and  there  are  five 
stamens.  Vcrbascum,  the  only  British  genus,  shows  very  little 
irregularity  in  the  corolla,  which  is  rotate ; the  two  anterior 
stamens  are  longer  than  the  others. 

2.  Antirrhincce. — T-he  corolla  is  irregular,  often  personate,  some- 

Flo.  1220.  Fig.  1221. 


times  spurred ; the  stamens  are  four,  didynamous,  or  only  two. 
( Calceolaria , Oratiola).  Collinsia  has  a papilionaceous  corolla. 

3.  Bhinanthecc. — The  flower  is  irregular,  the  stamens  four  or  two. 
Many  of  the  genera  belonging  to  this  group  are  symbiotic  with  other 
plants,  their  roots  forming  an  attachment  with  those  of  the  latter. 
They  are  frequently  called  root-parasites,  but  the  evidence  of 
parasitism  is  very  slight.  In  Veronica  the  postero-lateral  pair  of 
stamens  only  are  developed,  and  the  corolla  is  apparently  composed 
of  only  four  petals,  an  appearance  caused  by  the  fusion  of  the  two 
posterior  ones  (fig.  1220).  The  posterior  sepal  also  is  suppressed, 
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The  order  comprises  about  2,000  species,  chiefly  found  in  tem- 
perate climates.  Several  are  poisonous,  many  are  bitter,  others  as- 
tringent ; some  are  purgative,  emetic,  or  diuretic ; a few  are  narcotic. 

Order  2.  Orobaxchacee. — A small  order  of  root  parasites  devoid 
of  chlorophyll.  They  have  succulent  stems  and  scaly  leaves.  The 
structure  of  the  flower  differs  but  little  from  that  of  the  Gesneracece. 

Order  3.  Lextibulariace.e.— The  ovary  is  1-celled,  with  a free- 
central  placenta ; seeds  exalbuminous.  There  are  only  two  stamens, 
the  posterior  three  being  suppressed.  The  plants  are  either  aquatic 
or  marshy  in  their  habit,  and  many  of  them  are  insectivorous. 

Utricularia  is  an  aquatic  form.  Its  finely  divided  leaves  bear 
curious  traps  to  catch  small  animals.  They  are  bladder-like,  with 
an  aperture  guarded  by  a small  valve  which  opens  inwards.  Pingui- 
cula  is  a marsh  plant  with  rosettes  of  thick  yellow  leaves,  the  margins 
of  which  curve  over  when  stimulated  and  enclose  insects  which  alight 
upon  them. 

Order  4.  Columelliace2e.— A small  order  of  evergreen  shrubs  or 
trees,  natives  of  Mexico  and  Peru.  They  have  an  inferior  ovary, 
surmounted  by  a fleshy  disc. 

Order  5.  Gesxerace/e. — A small  order  differing  from  Scrophu- 
lariacece  chiefly  in  the  structure  of  the  ovary,  which  is  unilocular, 
with  two  parietal  placentae.  The  ovary  is  inferior  in  the  Gesneriece, 
superior  in  the  Cyrtandrece.  The  stamens  are  didynamous  in  the 
plants  of  the  former  section,  but  those  of  the  latter  have  only  two. 

Order  6.  Bignoniacee. — The  plants  of  this  order  are  nearly  all 
arborescent;  many  of  them  are  climbers  (lianes),  some  having  leaf- 
tendrils,  others  twining  stems.  The  seeds  are  peculiar  in  being 
winged  ; they  have  no  endosperm. 

Order  7.  Pedaeixe.x. — A small  order  of  glandular  herbs  with 
entire  exstipulate  leaves  and  large  irregular  flowers.  The  ovary  is 
seated  on  a large  fleshy  or  glandular  disc,  and  is  usually  unilocular, 
with  two  parietal  placentas. 

Orde7 • 8.  Acaxthace.e. — The  plants  of  this  order  are  generally 
herbs,  but  a few  are  arborescent.  The  branches  are  swollen  at  the 
nodes,  and  bear  opposite  simple  leaves  without  stipules.  The  corolla 
is  irregular,  sometimes  bilabiate ; the  stamens  are  didynamous  or 
only  two  in  number ; the  ovary  is  2-celled,  and  the  fruit  a 2-valved 
capsule. 


Cohort  4. — Lamiales. 

The  plants  of  this  group  have  generally  heteromerous 
flowers,  suppression  in  the  anclroecium  and  gyncecium  being 
frequent.  The  corolla  is  irregular,  frequently  bilabiate  ; the 
stamens  are  four,  didynamous,  in  consequence  of  the  abortion  of 
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the  posterior  one  ; in  some  genera  only  two  are  present.  A 
staminode  sometimes  represents  the  missing  posterior  stamen. 
The  carpels  are  two,  median ; the  bilocular  ovary  is  in  some 
cases  divided  into  four  loculi ; each  carpel  or  cell  contains  either 
a single  ovule  or  two  collateral  ones.  The  plants  have  all 
exstipulate  leaves. 


Order  1.  Myopoiiine.e. — A small  order  of  plants  found  chiefly  in 
the  southern  hemisphere.  It  differs  from  the  Verbenaccat  only  in 
having  two  seeds  in  each  cell  of  the  fruit,  and  in  its  embryo  having  a 
superior  radicle. 

Order  2.  Selaginkje. — A small  order  of  Heath-like  plants,  mostly 
African.  The  calyx  is  sometimes  formed  of  two  free  sepals,  though  in 
most  cases  it  is  gamosepalous.  The  stamens  are  didynamous,  and  the 
ovary  has  two  cells,  each  with  one  pendulous  ovule.  In  some  species 
one  cell  is  suppressed.  The  fruit  is  a sohizocarp  dividing  into  two 
nutlets. 

A small  section  of  this  order,  the  genus  Globularia,  is  by  some 
botanists  considered  as  a separate  order,  Globulariaccte.  The  flowers 
are  arranged  in  capitula  without  any  involucre,  and  the  ovary  is 
1-celled  only. 

Order  3.  Vehhenaoe;e. — The  plants  of  this  order  are  herbs, 
shrubs,  or  trees,  the  shrubs  preponderating ; a few  are  climbers. 
The  leaves  are  opposite  in  most  cases,  but  not  in  all.  The  corolla  is 
generally  zygomorphic,  sometimes  slightly  bilabiate,  in  some  cases 
regular.  The  stamens  are  didynamous  ; and  the  ovary 
1 — 2-celled,  with  two  ovules  in  each  cell.  In  most 
cases  it  is  entire,  but  in  a few  it  resembles  that  of 
the  Labiates.  The  style  is  terminal.  The  fruit  is 
either  a schizocarp,  splitting  into  two  or  four  nutlets, 
or  is  drupaceous,  the  stone  being  4-celled,  or  four 
distinct  stones  being  present. 

Many  of  the  plants  of  this  order  are  slightly 
aromatic  and  bitter,  but  there  are  no  important 
medicinal  plants  included  in  this  order.  Some  are 
valuable  timber  trees  (Teak)  ; other  species  have 
fleshy  fruits,  which  are  edible ; and  the  leaves  of  a 
few  are  used  as  substitutes  for  China  Tea.  Many  are 
cultivated  in  our  gardens  for  the  beauty  of  their  flowers  or  for 
their  fragrance,  as  the  different  species  and  varieties  of  Verbena, 
the  Aloysia  citriodora  (the  Lemon-plant),  &c. 


Fig.  1222.  Pistil 
of  the  Vervain 
( Verbena). 


Order  4.  Labiat/e. — The  plants  of  this  Natural  Order  are 
nearly  all  herbaceous,  but  there  are  a few  shrubs  and  trees. 
They  have  a very  characteristic  appearance,  the  stem  being 
always  square,  and  the  leaves  opposite  and  decussate.  The  stem 


DICOTYLEDONES — GAMOPETALiE 


375 


and  leaves  are  generally  covered  with  glandular  hairs,  which 
secrete  an  aromatic  essential  oil.  When  there  are  no  hairs 
there  are  internal  glandular  reservoirs.  The  inflorescence  is 


Fig.  1223.  Fig.  1224.  Fig.  1225. 


Fig.  1223.  Diagram  o£  flower  of  Lamium. Fig.  1224.  Front  view  of 

flower  of  Lamium. Fig.  1225.  Flower  of  Marrubium  cut  open. 


mixed,  the  flowers  being  grouped  round  the  stem  in  opposite 
verticillasters,  which  are  cymes,  with  almost  sessile  flowers.  The 
terminal  flower  of  the  cyme  gives  off  a flower  on  each  side  ; 
each  of  these  secondary  axes  bears  only  one 
flower  on  the  side  furthest  from  the  central  one  ; Fig.  1226. 
each  of  these  again  gives  off  another.  There  are 
usually  seven  flowers  in  each  cyme.  The  cymes 
or  verticillasters  arise  in  the  axils  of  a pair  of 
ordinary  foliage  leaves.  The  stem  bears  a suc- 
cession of  these  pairs  of  verticillasters,  which  are 
arranged  racemosely,  the  youngest  being  nearest 
its  apex.  The  flowers  are  zygomorphic,  both 
calyx  and  corolla  being  bilabiate.  The  upper  lip 
of  the  calyx  consists'  of  three  sepals,  that  of  the 
corolla  of  two  petals.  In  some  genera,  e.g. 

Mentha , Lycopus , the  zygomorphy  of  the  corolla 
is  very  slight,  and  the  flower  consequently  _ 

appears  almost  regular.  The  stamens  are  didyna-  1 ^o^saivia?^11 
mous,  the  posterior  one  being  suppressed.  Occa- 
sionally, as  in  Salvia,  only  two  stamens  are  present.  The 
pistil  is  almost  exactly  like  that  of  the  Boraginacece,  the  only 
difference  being  that  the  embryo  is  directed  downwards  instead 
of  upwards.  There  are  two  carpels,  which  by  a spurious  division 
form  a 4-lobed  ovary  ; this  becomes  four  nutlets  in  the  fruit ; 
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Fig.  1227. 


the  style  is  gynobasic.  In  the  forms  with  sub-regular  corollas 
the  stamens  are  not  didynamous,  but  spreading,  as  in  the 
Dipsacece. 

A few  variations  from  this  typical  structure  occur.  The  flowers 
in  Scutellaria  and  Origanum  are  solitary  and  not  arranged  in 

verticillasters.  There  are  only  two  sta- 
mens in  Salvia,  which  are  singular  in 
shape.  The  filament  is  short  and  is 
joined  to  the  middle  of  a very  long 
connective,  which  is  filiform  and  bears 
at  one  end  a perfect  anther-lobe,  while 
that  which  should  be  at  the  other  is 
modified  into  a disc-like  body  which 
lies  in  the  throat  of  the  corolla  (fig. 
1227).  This  is  so  placed  that  an  insect 
in  thrusting  its  proboscis  into  the  flower 
causes  the  long  connective  to  swing  upon 
the  filament  like  a lever  on  its  fulcrum, 
so  that  the  anther  is  pressed  down  upon 
the  insect’s  back,  a position  which  is 
assumed  by  the  stigma  later,  when  the 
anthers  have  finished  their  dehiscence. 
The  British  genera  of  the  order  are  grouped  into  the  following 


tribes  : — 

1.  Menthoidece.—lhe  corolla  is  campanulate  and  nearly  regular. 
The  stamens  are  divergent. 

2.  Monarchic. — The  corolla  is  bilabiate ; the  stamens  only  two. 

3.  Satureinece. — The  corolla  is  bilabiate,  and  the  four  stamens 
are  divergent ; the  connective  is  broad. 

4.  Scutellariece.— The  corolla  is  bilabiate  ; the  stamens  didynamous, 

the  inferior  pair  being  the 
longest ; the  calyx  is  bi- 
labiate, and  closed  in  fruit. 

5.  Ncpetcic. — These  differ 
from  the  Scutellariece  in 
having  the  inferior  pair 
of  stamens  shortest.  The 
calyx  is  not  bilabiate. 

6.  Stachydece. — These  are 
like  the  Scutellariae,  but 
the  calyx  is  not  closed  in 
fruit,  and  in  some  species 

is  not  bilabiate  ; the  corolla  is  usually  ringent. 

7.  Ajugoidea.— The  corolla  has  its  upper  lip  very  short  or  deeply 
cleft,  and  appearing  to  be  absent  (fig.  1228). 


Fio.  1228. 


Fij.  1228.  Flower  of  the  common  Bugle 
(Ajuga  replans). 
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There  are  two  other  tribes  not  represented  by  British  plants 
Ocimoidea,  with  four  descending  stamens ; and  Melissinece,  with 
didynamous  stamens,  which  are  widely  separated  at  their  bases,  but 
converge  upwards  so  that  their  anthers  are  closely  approximated 
under  the  upper  lip  of  the  corolla. 

The  Labiatfe  form  a large  order,  there  being  about  2,700  species  ; 
they  occur  chiefly  in  temperate  regions,  particularly  in  the  Mediter- 
ranean region.  They  are  entirely  free  from  any  deleterious  qualities. 
They  abound  in  volatile  oil,  and  are  therefore  commonly  aromatic, 
carminative,  and  stimulant.  All  the  plants  of  the  order  also  contain 
more  or  less  of  a bitter  extractive  matter,  and  many  of  them  possess  an 
astringent  principle,  hence  they  are  frequently  tonic  and  stomachic. 
Several  are  used  in  perfumery  on  account  of  their  agreeable  odours  ; 
and  many  are  employed  by  the  cook  for  flavouring,  such  as  Thymus 
vulgaris  (Garden  Thyme),  Thymus  citrioclorus  (Lemon  Thyme), 
Salvia  officinalis  (Sage),  Origanum  vulgare  (Marjoram),  Marjorana 
hortensis  (Sweet  Marjoram),  Saturcia  montana  (Winter  Savory), 
Satureia  hortensis  (Summer  Savory),  Ac.  The  fleshy  underground 
stems  of  Stachys  palustris  and  of  a species  of  Ocymum  are  edible. 

Ordo  anomalis. 

P lan t aginacE/E. — This  is  a small  order  of  plants  which  by 
many  botanists  are  held  to  be  closely  allied  to  the  Scrophu- 
lariacece,  and  are  consequently  included  in  the  cohort 
Personates.  They  are  generally  without  aerial  stems,  and  a 
rosette  of  leaves  appears  to  arise  from  the  crown  of  the  root  ; 
the  leaves  are  strongly  ribbed.  The  flowers  are  usually 
arranged  in  spikes  ; they  are  sometimes  diclinous  ( Litorella ,). 
The  calyx  and  corolla  are  4-partite,  and  the  latter  is  dry  and 
membranous  and  persistent.  The  stamens  are  four,  with  long 
slender  filaments.  The  ovary  is  generally  bilocular,  and  has  a 
feathery  style.  The  fruit  is  a pyxis  ; the  placentation  is  basal  or 
free-central, 

The  flower  is  developed  similarly  to  that  of  Veronica,  the  posterior 
sepal  and  stamen  being  abortive,  and  the  two  posterior  petals  com- 
pletely coherent.  The  suppression  of  the  antero-lateral  stamens, 
seen  in  Veronica,  does  not  occur. 
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Artificial  Analysis  of  the  Orders  in  the  Sub-class  Gamopetalce 

or  Corolliflone. 


%*  A few  orders  belonging  to  the  Sub-class  Polypetahe,  the  flowers  of 
which  are  sometimes  gamopetalous,  are  also  included  in  this  analysis. 


Ovary  inferior. 

A.  Ovary  usually  1-celled. 

a.  Anthers  united. 

Ovule  solitary,  pendulous  . 

Ovule  solitary,  erect 

b.  Anthers  distinct. 

Fruit  with  1 perfect  cell  and  2 rudimentary 
ones. 

Seed  exalbuminous  . 

Fruit  1-celled,  and  without  any  rudimentary 
ones.  Seed  albuminous 

B.  Ovary  with  more  than  1 cell. 

a.  Anthers  united. 

Leaves  alternate  ...  . . . j 

b.  Anthers  distinct. 

1.  Stamens  2. 

Filaments  not  united  to  the  style  , 
Filaments  united  to  the  style  . . . . 

2.  Stamens  more  than  2. 

Anthers  opening  by  pores  or  slits  . 

Anthers  opening  longitudinally. 

Stigma  with  an  mdusium  . 

Stigma  without  an  indusium. 

Leaves  without  stipules. 

Stamens  definite. 

Leaves  alternate.  Corolla  persistent 
Leaves  opposito.  Stem  round  . 
Leaves  verticillate.  Stom  square 
Leaves  with  stipules. 

Stipules  interpetiolar.  Flowers  herma- 
phrodite   


Calyceracece. 

Compositce. 


Valerianacece. 

Dipsacea. 


Campanulacecc 

(Lobeliece). 


Oolwmelliacea:. 

StyUdiacece. 

V acciniacece. 
Goodeniacece. 


Campanidaceic. 

Caprifoliacece. 

Rubiacece. 


Rubiacece. 


Ovary  superior. 

Carpels  more  than  1. 

a.  Anthers  opening  by  pores  or  slits 

b.  Anthers  opening  longitudinally. 

1.  Anthers  1-celled  .... 

2.  Anthers  2-celled. 

Plants  with  dotted  leaves 

Plants  parasitic,  leaves  brown,  scaly 


Ericaceie. 

Epacridacece. 

Rutacece. 

Monotropacece. 
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A.  Flowers  regular. 

a.  Ovary  lobed. 

Inflorescence  helicoid.  ^Estivation  of  corolla 
imbricate  ....... 

b.  Ovary  not  lobed. 

1.  Carpels  more  than  8,  distinct  or  com- 

bined. 

Stamens  equal  in  number  to  the  petals  and 
opposite  to  them. 

Stems  herbaceous.  Style  1.  Fruit  a cap- 
sule . . . . 

Stem  woody.  Style  1.  Fruit  fleshy,  inde- 
hiscent  ....... 

Stem  herbaceous  or  woody.  Styles  5 
(rarely  3 or  4).  Fruit  membranous 
Stamens  not  opposite  the  petals  if  of  the 
same  number. 

Carpels  combined.  Ovary  2-  or  more  celled. 
Ovules  erect  or  ascending. 

.Estivation  of  the  corolla  plaited. 

Fruit  dry 

.Estivation  of  the  corolla  imbricate. 

Fruit  fleshy 

Ovules  pendulous  or  suspended,  or  rarely 
partly  ascending. 

Stamens  twice  or  four  times  as  many 
as  the  lobes  of  the  corolla,  distinct 
Some  of  the  ovules  occasionally  as- 
cending. Filaments  more  or  less 
cohering 

2.  Carpels  3,  combined  so  as  to  form  a S-celled 

ovary. 

Stem  herbaceous.  Disc  hypogynous 
Stem  woody.  No  disc 

3.  Carpels  2,  combined  or  more  or  less  dis- 

tinct. 

Stamens  2 . . ' 

Stamens  4 or  more.  Inflorescence  helicoid. 
Fruit  a capsule,  1-celled  or  imperfectlv 
2-celled 

Fruit  drupaceous,  2-  or  more  celled  . 

Stamens  4 or  more.  Inflorescence  straight. 
Leaves  alternate. 

Calyx  in  a broken  whorl  .... 
Calyx  in  a complete  whorl. 

Anthers  united  to  the  stigma 
Anthers  free  from  the  stigma. 

Placentas  parietal  .... 


Boraginacece. 


Primulacece. 
Myrsinacece, 
Plumbaginacece . 


Convolvidacece. 

Sapotacece. 


Ebenacece. 


Styracece. 


Polemoniacece. 

Diapensiacece. 


Oleacece. 


Hydrophyllacece . 
Boraginacece 
(Ehretiece). 


Convolvidacece. 
Asclepiadacece . 
Gentianacece. 
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Placentas  axile. 

Aestivation  of  corolla  valvate, 
induplicate  - valvate,  or  im- 
bricate   

Leaves  opposite,  whorled,  or  clustered. 
Anthers  united  to  the  stigma  . 

Anthers  free  from  the  stigma. 

Leaves  with  stipules  .... 
Leaves  without  stipules. 

Stigma  shaped  like  an  hour-glass. 

Aestivation  of  corolla  contorted 
Stigma  not  contracted  in  the  middle 
like  an  hour-glass. 

Aestivation  of  corolla  imbricate, 
placentas  parietal 
4.  Carpel  solitary. 

Stamens  opposite  the  lobes  of  the  corolla  or 
petals  ........ 

Stamens  alternate  to  the  lobes  of  the  corolla. 
Fruit  1-celled.  Stigma  sessile 
Fruit  spuriously  2-celled  or  rarely  4-cellod. 
Style  capillary  ...... 

B.  Flowers  irregular. 

a.  Ovary  i-lobed 

b.  Ovary  not  lobed. 

1.  Carpel  solitary  . .... 

2.  Carpels  2. 

Fruit  hard  or  nut-like. 

Anthers  1-celled 

Anthers  2-celled.  Ovules  erect. 

Corolla  imbricate  in  oestivation 
Corolla  valvate  in  [estivation 
Anthers  2-celled.  Ovules  pendulous  . 

Fruit  capsular  or  succulent. 

Placentas  parietal. 

Leafless  scaly,  brown,  root-parasites 
Leafy  plants.  Seeds  with  wingB 
Leafy  plants.  Seeds  without  wings. 

Fruit  a capsule  or  baccate.  Cotyledons 
minute,  radicle  long 
Fruit  bony  or  a capsule.  Cotyledons 
large,  radicle  short .... 
Placentas  axile. 

Seeds  without  wings. 

Albuminous 

Exalbuminous.  Seeds  attached  to 
hard  placental  processes 
Seeds  winged.  Exalbuminous . 

Placentas  free-central 


Solanacece. 

Asclepiadcicece 

Loganiaceee. 

Apocynacece. 

Gcntianacece. 

Plumbaginacece. 

Salvadoraceee. 

Plantaginacece. 

Labiatce. 

Selaginaceee. 

Selagmacece. 

Verbenacece . 

Stilbacece. 

Myoporineee. 

Oruba/nchaeeee. 

Bignoniaceee. 

Gesneracetc. 

Pedalinece. 

Scrophulariaceee. 

Aca.nthaceee. 

Bignoniaceee. 

Lentibula/riaceee. 


PICOTYLEDONES — GAMOPETALiE 


381 


There  are  many  exceptions  to  the  characters  above  given  of  the  Gamo- 
petalos  or  Corolliflor®.  Thus,  among  the  Inferos  or  Epigynee  we  occasionally 
find  polypetalous  corollas  in  Caprifoliacecc  and  Lobeliacece,  and  the  ovary 
is  sometimes  superior  in  Goodeniaeece.  In  the  Super®  and  Bicarpellatse, 
polypetalous  species  are  sometimes  found  in  Ericacece , Monotropacece , 
Epacridacece,  Styracece,  Oleacece,  Primulacece,  Myrsinacece,  and  Pluvi- 
baginacece. 

Again,  among  the  Super®  and  Bicarpellat®  we  occasionally  find  the 
ovary  inferior,  or  partly  so,  as  in  Ebenacece,  Styracece,  Myrsinacece , 
Primulacece  ; it  is  always  so  in  Gesneracece  and  Vaccinicicece . 

In  Oleacece  and  Primulacece , apetalous  species  sometimes  occur ; and 
diclinous  species  also  are  occasionally  found  in  Valerianacece,  Compositce, 
Ebenacece , Myrsinacece,  and  Plant aginacece ; and  other  exceptions  have 
been  already  noted. 


Synopsis  of  the  British  Natural  Orders  of  the  Sub-class 
Gamopetalca. 


A.  Corolla  gamopetalous,  superior. 

Stamens  inserted  beneath  epigynous  disc  . • 
Stamens  inserted  with  the  corolla  and  free  from  it. 

Filaments  free 

Stamens  epipetalous,  alternate  with  lobes  of 
corolla. 

Anthers  united,  flowers  in  capitula 
Anthers  free. 

Inflorescence  a capitulum.  Calyx  with  in- 
volucel  ....... 

Flowers  corymbose  or  cymose. 

Fruit  with  a double  indehiscent  pericarp, 
2-celled,  2-seeded  ..... 

Fruit  dry,  with  1 perfect  and  often  2 abor- 
tive cells 

Fruit  fleshy,  with  1 or  several  seeds 


Vacciniacece. 
Campanulacece . 

Gompositce. 

Dipsacece. 

Rubiacece. 

Valerianacece. 

Caprifoliacece. 


Corolla  gamopetalous,  inferior. 

Ovary  and  fruit  4-lobed.  Style  gynobasic. 
Stamens  5.  Corolla  regular.  Leaves  alternate 
Stamens  4 or  2,  corolla  irregular,  leaves  opposite 
Ovary  and  fruit  simple.  Style  terminal. 

Ovary  1-celled,  1-seeded.  Stamens  antipetalous. 
Styles  5 ....... 

Ovary  1-celled,  many-seeded. 

Corolla  scarious,  regular.  Stamens  4 
Corolla  coloured. 

Corolla  irregular. 

Stamens  2 ...... 

Stamens  4,  didynamous  . 

Corolla  regular.  Stamens  antipetalous 


Boraginacece. 

Lcibiatce. 


Plumba  ginacece. 
Plantaginacece. 


Lentibulariace.ee. 
Orobanchacece . 
Primulacece, 
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Ovary  2-  or  more  celled  (fruit  sometimes 
1-celled). 

Stamens  hypogynous,  distinct  .... 
Stamens  epipetalous. 

Stamens  2.  Corolla  regular 
Stamens  2 or  4,  didynamous.  Corolla  ir- 
regular. 

Ovary  2-celled,  not  lobed.  Placentas 

axile 

Ovary  2 — 4-celled,  lobed  .... 
Stamens  4 or  5,  not  didynamous. 

Cells  of  ovary  each  with  1 or  2 ovules. 

Fruit  a capsule  ..... 
Cells  of  ovary  each  with  many  ovules. 
Fruit  a double  follicle  .... 
Fruit  2-  or  imperfectly  4-celled. 

Leaves  alternate  .... 
Fruit  1-  or  imperfectly  2-celled. 

Leaves  opposite  .... 
Fruit  8-celled 


Ericacece. 

Oleacea. 

Scrophulariacece. 

Verbenacece. 

Convolvulncece. 

Apocynacece. 

Solanacew. 

Gentianaceee. 

Polemoniacetv. 


BOOK  IY. 


PHYSIOLOGY  OF  PLANTS. 


CHAPTER  I. 

THE  RELATION  OF  WATER  TO  THE  PROTOPLASM  OF  THE  CELL. 

We  have  already  seen  in  considering  the  structure  of  both 
simple  and  complex  plants,  that  they  are  all  composed  originally 
of  a variable  number  of  protoplasts,  which  are  in  close  relation- 
ship with  each  other,  being  partially  separated  in  most  cases  by 
septa,  or  partitions,  known  as  cell-walls.  The  latter  show  a 
great  deal  of  variety  in  the  way  they  are  arranged,  their 
thickness,  the  material  of  which  they  are  composed,  &c.  The 
protoplasts,  on  the  other  hand,  resemble  each  other  in  all  essential 
particulars,  though  in  complex  plants  one  or  other  function  or 
property  of  each  is  often  developed  to  a greater  extent  than  the 
remainder  which  it  possesses. 

The  essential  difference  between  the  protoplasm  of  the  plant 
and  the  walls  by  which  it  is  supported  lies  in  the  fact  that 
the  former  is  the  living  substance,  by  whose  activity  all  the 
remainder  is  constructed.  In  dealing  with  the  physiology  of 
the  plant,  we  have  therefore  to  turn  our  attention  to  the  proto- 
plasm. We  have  seen  that  in  the  simplest  forms  of  plant  this 
may  exist  without  any  cell  membrane,  and  may  be  freely  motile, 
swimming  in  water  by  means  of  cilia,  or  creeping  in  a semi- 
animal fashion  by  pseudopodia.  In  other  unicellular  plants  it 
may  be  surrounded  by  a cell-wall,  and  may  either  entirely  fill 
the  space  afforded  inside  the  latter,  or  may  have  inside  itself  a 
vacuole.  In  the  multicellular  plants,  each  cell  while  living  shows 
its  own  protoplast  or  aggregation  of  the  protoplasm,  which  is 
probably  connected  always  with  that  of  the  adjoining  cells.  The 
protoplasm  generally  lies  as  a peripheral  layer  round  the  outside 
of  the  cell,  though  in  many  cases  the  central  cavity  is  crossed  by 
a number  of  bridles  passing  generally  from  a somewhat  central 
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spot  to  the  periphery.  Except  in  a few  Thallophytes  a nucleus 
is  a constituent  of  all  cells  when  they  are  young,  though  rarely 
it  disappears  later.  It  is  always  embedded  in  the  protoplasm, 
of  which  it  is  a specially  differentiated  portion. 

Not  only  does  the  living  substance  construct  the  substance 
of  the  plant  originally,  but  it  is  the  part  by  which  the  organism 
is  able  to  place  itself  in  harmony  with  its  environment.  It 
assimilates  the  food  the  plant  requires  and  carries  out  the 
chemical  processes  incident  to  its  life  ; it  receives  impressions 
from  without  and  regulates  the  response  the  plant  makes  to 
these  impressions,  both  by  internal  and  external  movements 
or  changes  of  position  ; finally  it  carries  out  the  reproductive 
processes. 

Looking  at  the  arrangement  of  protoplasm  in  the  cell,  or  at 
its  environment  in  the  free  condition,  we  notice  especially  its 
very  close  relation  to  water.  The  free-swimming  zoospore  is 
naturally  saturated  with  the  latter,  being  in  the  fullest  contact 
with  it.  The  young  cell  enclosed  in  its  coil-membrane  speedily 
shows  a tendency  to  accumulate  water  in  its  interior,  and  gradu- 
ally drops  appear,  which  lead  ultimately  to  the  formation  of  a 
vacuole  always  full  of  liquid.  The  healthy  protoplasm  is  thus 
always  in  contact  with  water.  Indeed  the  molecular  constitution 
of  protoplasm,  as  far  as  we  know  it,  lends  itself  to  this  relation, 
for  the  apparently  structureless  substance  is  always  saturated 
with  it.  It  is  only  while  in  such  a condition  that  the  cell  can 
live  ; with  very  rare  exceptions,  if  a cell  is  once  completely  dried, 
oven  at  a low  temperature,  its  life  is  gone,  and  restoration  of 
water  fails  to  enable  it  to  recover. 

The  constancy  of  the  occurrence  of  the  vacuole  in  the  cells 
of  the  vegetable  organism  is  itself  an  evidence  that  such  cells 
depend  upon  water  for  the  maintenance  of  their  life.  The 
cell -wall,  though  usually  permeable,  yet  presents  a certain 
obstacle  to  the  absorption  of  water,  and  so  even  those  cells  which 
are  living  in  streams  or  ponds  usually  possess  a vacuole.  Cells 
without  a membrane,  such  as  the  zoospores  already  many  times 
mentioned,  can  more  readily  absorb  water  from  without,  and 
hence  they  are  not  vacuolated  to  the  same  extent  as  the  former 
ones  ; indeed,  many  of  them  have  no  vacuole.  This  cavity  being 
always  filled  with  liquid,  the  protoplasm  of  the  cell  has  ready 
access  to  water,  as  much  so  indeed  as  the  cell  which  possesses 
no  wall.  The  vacuole  contains  a store  which  is  always  available. 

We  have  seen  that  the  presence  of  water  is  necessary  to  the 
life  of  the  cell,  and  that  a store  of  it  is  usually  contained  in  its 
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interior.  As  this  must  be  absorbed  from  without,  it  becomes 
necessary  to  inquire  into  the  way  in  which  it  effects  its  entry. 
This  is  based  upon  a purely  physical  process  which  is  known  as 
osmosis.  If  two  Hu  ids  of  different  densities,  for  example  water 
and  syrup,  be  separated  from  each  other  by  a homogeneous 
permeable  membrane,  they  will  tend  to  pass  through  the  latter 
till  there  is  a mixture  of  the  two  of  equal  density  on  each  side 
of  it.  We  shall  thus  have  a stream  of  water  passing  through 
the  membrane  to  the  syrup,  and  a stream  of  syrup  similarly 
passing  to  the  water.  The  rate  of  How  of 
the  two  streams  will  not  be  the  same, 
however,  and  the  first  result  will  be  a 
considerable  increase  in  quantity  of  the 
Huid  upon  the  side  of  the  membrane  in 
contact  with  the  syrup,  owing  to  the 
greater  amount  of  water  that  will  have 
passed  through. 

A convenient  form  of  apparatus  to 
exhibit  this  process  of  osmosis  is  shown  in 
fig.  1229.  It  consists  of  a bladder  fastened 
to  the  end  of  a narrow  tube,  which  is 
immersed,  as  shown,  in  a vessel  of  water. 

The  bladder  and  part  of  the  tube  are  filled 
with  syrup,  and  the  height  at  which  the 
latter  stands  in  the  tube  is  noted.  After 
some  thne  the  contents  of  the  tube  will 
be  increased,  and  the  liquid  will  stand  in 
it  at  a higher  level,  in  consequence  of  the 
osmotic  action  that  has  taken  place.  If  the 
positions  of  the  water  and  the  syrup  were 
reversed,  the  liquid  would  fall  in  the  tube, 
showing  that  under  these  conditions  also 
there  is  a greater  stream  of  water  towards 
the  syrup  than  of  the  latter  in  the  opposite 
direction. 

Though  the  process  thus  stated  is  far  simpler  than  what  we 
have  reason  to  believe  takes  place  in  the  vegetable  cell,  we 
can  apply  it  to  explain  the  original  formation  of  the  vacuole. 
Consider  the  case  of  a cell  of  the  dermatogen  of  a plant  which 
is  immersed  in  water.  It  is  full  of  protoplasm,  and  limited  or 
clothed  by  a cell-membrane,  which  is  permeable  more  or  less 
readily  by  water.  The  protoplasm  is  saturated  with  water,  but 
there  is  no  separate  accumulation  of  the  latter.  Part  at  least  of 
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Fig.  1229. 


Fig.  1229.  Apparatus  to 
show  osmotic  action.  It 
consists  of  a bladder 
filled  with  syrup  to  the 
open  end  of  which  a 
tube  is  attached,  and 
the  whole  placet!  in  a 
vessel  containing  water. 
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the  cell-wall  is  in  contact  with  water  on  the  outside.  The 
protoplasm  is  actively  living,  and  in  the  course  of  the  chemical 
changes  which  are  incident  to  vital  action,  certain  substances  are 
produced  by  it,  which,  like  the  syrup  in  the  experiment  detailed, 
have  an  affinity  for  water,  or,  to  use  a more  technical  phrase,  have 
a fairly  high  osmotic  equivalent.  Water  consequently  passes 
into  the  cell,  at  first  only  in  such  quantities  as  to  somewhat 
distend  it.  As  the  process  goes  on,  more  liquid  is  present  than 
can  be  stored  in  the  molecular  interstices  of  the  protoplasm. 
Drops  consequently  appear,  and  these  gradually  run  together 
until  a distinct  though  small  vacuole,  or  a number  of  such 
vacuoles,  is  apparent  in  the  protoplasm.  By  a continuation  of 
the  process  the  protoplasm  ultimately  forms  a layer  round  the 
cell- wall,  enclosing  the  large  cavity  in  which  the  surplus  liquid 
is  held. 

But,  as  has  already  been  said,  the  process  is  not  a simple 
physical  one.  Though  the  conditions  of  the  first  experiment  are 
approximated  to,  they  are  not  altogether  realised.  The  syrup  in 
the  bladder  finds  its  representative  in  the  osmotic  substances 
formed  by  the  protoplasm  and  dissolved  in  the  water  in  its 
meshes  ; the  water  outside  the  cell  is  the  same  as  the  water  in 
the  outer  vessel.  But  there  is  a great  difference  in  the  membrane. 
The  bladder  of  the  experiment  is  replaced  by  a film  of  cellulose 
lined  by  the  protoplasm  itself.  The  former  is  readily  permeable, 
but  the  latter  is  not.  A further  experiment  will  show  a very 
important  modification  of  the  process,  brought  about  by  the 
protoplasm,  and  demonstrating  that  the  entry  of  water  into  the 
cell  is  very  largely  under  the  regulation  of  the  latter. 

Take  a cell  of  the  cortex  of  the  plant  and  put  it  in  contact 
with  a liquid  of  higher  osmotic  power  than  its  own  contents  ; 
for  instance  with  a solution  of  common  salt,  containing  5 to  10 
per  cent,  of  the  crystals.  Watch  its  action  on  a slide  under  the 
microscope,  and  let  the  salt  solution  be  coloured  with  some 
vegetable  dye  which  will  not  injure  the  living  substance.  As  the 
salt  solution  reaches  the  cell,  the  protoplasm  of  the  latter 
gradually  retreats  from  the  walls,  at  first  at  the  corners  and  then 
all  round  the  sides,  till  it  appears  as  a rounded  mass  in  the  centre. 
The  salt  solution  has  abstracted  the  water  from  the  vacuole,  and 
the  protoplasm,  relieved  of  the  outward  pressure  caused  by  the 
liquid  in  the  latter,  has  shrunk  away  from  the  walls.  The  outward 
stream  has  been  accompanied  by  an  incoming  one  as  in  the  first 
experiment.  The  coloured  salt  solution  will  be  seen  inside  the 
cell-wall,  between  it  and  the  protoplasm.  But  here  is  a great 
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difference  between  the  two  experiments  ; the  salt  solution  does 
not  pass  through  the  protoplasm,  though  it  does  go  through  the 
cell-wall.  If,  now,  the  salt  solution  be  replaced  by  water,  the 
latter  is  gradually  attracted  again,  of  course  osmotically,  into 
the  cell.  It  passes  through  the  protoplasm ; the  vacuole  is  re- 
established, and  the  protoplasm  again  comes  to  line  the  cell- 
wall,  pressed  against  it  by  the  water. 

The  protoplasm  thus  allows  water  to  pass  through  its  sub- 
stance, but  can  oppose  the  passage  either  way  of  the  various 
osmotic  bodies  with  which  it  may  be  brought  into  contact.  In 
the  last  narrated  experiment  it  prevented  the  salt  solution  from 
entering  the  vacuole,  and,  as  shown  by  the  return  of  the  water 
into  the  latter,  it  prevented  the  osmotic  substances  originally  in 
the  cell  from  leaving  it. 

That  this  is  due  to  the  vital  power  of  the  protoplasm  can  be 
shown  by  repeating  the  experiment  after  killing  the  living  sub- 
stance by  a short  immersion  of  the  cell  in  alcohol.  Then  the 
process  of  osmosis  goes  on  exactly  as  in  the  first  experiment 
quoted.  The  salt  solution  penetrates  into  the  vacuole  as  if  only 
a cellulose  septum  were  present,  the  dead  protoplasm  exerting 
no  regulating  influence. 

The  modified  osmosis,  which  is  thus  the  mode  of  entry  of 
water  into  a cell  containing  no  vacuole,  continues  after  the  vacuole 
is  formed,  and  is  the  cause  of  the  transfusion  of  water  from  cell  to 
cell.  We  can  see  that  this  must  be  the  case,  for  if  two  cells  are 
considered  which  are  separated  from  each  other  by  a common  cell  - 
wall,  it  is  evident  that,  unless  the  proportion  of  water  to  osmotic 
substances  in  the  vacuoles  of  both  is  the  same,  osmotic  currents 
will  flow  from  one  to  the  other  till  this  equilibrium  is  reached. 

The  quantity  of  osmotic  substances  present  in  any  cell  will 
depend  upon  the  behaviour  of  the  protoplasm  from  time  to  tune. 
Such  substances  are  usually  being  continuously  produced  in  all 
growing  cells  and  in  most  others  in  which  chemical  changes  are 
proceeding.  Hence  such  cells  are  constantly  absorbing  water, 
and  are  consequently  so  full  that  a certain  stretching  force  is 
exerted  on  the  cell-wall  which  bounds  them.  Cells  in  such  a 
condition  are  called  turgid,  and  the  condition  itself  is  known 
as  tumescence.  The  equilibrium,  which  is  attained  by  such  a 
cell,  is  reached  when  the  distension  caused  by  the  osmotic  sub- 
stances is  balanced  by  the  elastic  recoil  of  the  extensible  cellulose 
wall.  In  some  cases  the  tension  set  up  in  a tissue  by  the 
turgescence  of  the  cells  is  sufficient  to  force  the  water,  by  a pro- 
cess of  filtration,  through  the  walls  of  the  outermost  ones,  so 
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that  it  escapes  in  drops  or  in  a slow  stream.  This  may  often 
be  seen  on  the  edges  or  apices  of  blades  of  grasses  in  the  early 
morning.  It  is  of  great  use  also  in  forcing  water  into  the  axial 
woody  cylinder  of  roots,  as  will  appear  later.  Occasionally  the 
turgescence  becomes  so  great  as  to  lead  to  rupture  of  the  cell- 
walls,  as  is  the  case  sometimes  in  fleshy  fruits. 

That  the  condition  of  turgidity  in  cells  is  attended  by  a 
stretching  of  the  cell- walls  can  be  seen  by  taking  a piece  of  a 
plant  which  is  turgid,  such  as  the  stalk  of  a rhubarb  leaf,  and,  after 
carefully  measuring  its  dimensions,  steeping  it  for  some  time  in 
a 10  per  cent,  solution  of  salt.  On  removing  it,  it  will  have 
become  flaccid,  and  a remeasurement  will  show  that  both  its 
length  and  thickness  have  diminished.  Turgescence  is  not, 
however,  solely  due  to  physical  causes ; the  protoplasm  which 
lines  the  cells  has  a regulating  influence  over  the  passage  of  the 
water  in  and  out  of  the  cell.  If  a turgid  pulvinus  of  such  a 
plant  as  Bobinia,  or  Mimosa,  be  stimulated  by  rough  handling 
of  the  leaf,  the  latter  falls  from  its  expanded  position  towards 
the  stem,  and  the  fall  is  found  to  be  due  to  the  escape  of  water 
from  the  cells  of  the  lower  side  of  the  pulvinus.  The  original 
state  of  equilibrium  has  been  disturbed  by  the  shock  to  the 
protoplasm  administered  by  the  stimulation,  and  the  latter  allows 
water  to  pass  outwards. 

The  active  influence  of  the  protoplasm  is  seen  also  in 
another  class  of  phenomena.  Certain  structures  known  as 
nectaries  have  been  described  as  occurring  in  many  flowers. 
These  are  aggregations  of  cells  of  a particular  kind  which  exude 
a sugary  fluid  upon  their  surfaces.  If  the  petals  of  certain 
flowers  bearing  these  nectaries  be  cut  off  and  their  cut  ends 
immersed  in  water,  the  glands  continue  for  some  time  to  exude 
the  nectar.  There  can  be  no  question  here  of  any  filtration  of 
water  through  the  tissue,  as  there  is  no  pressure  acting  on 
the  base  of  the  petal.  The  protoplasm  causes  the  stream  to 
continue  to  flow  by  producing  osmotic  substances,  in  this  case 
chiefly  sugar.  It  differs  still  more  in  its  behaviour  in  that  it 
pours  out  not  only  the  water  thus  absorbed,  but  a certain 
amount  of  the  sugar  in  addition.  If  the  gland  be  killed  by 
alcohol,  the  sugar  already  there  is  retained  in  the  cells,  and  no 
exudation  of  nectar  or  even  of  water  takes  place. 

The  vital  activity  of  the  protoplasm  is  thus  seen  to  be 
intimately  connected  with  the  presence  of  water  in  its  substance. 
The  importance  of  the  ready  access  of  the  latter  is  seen  further 
from  other  considerations.  In  the  foregoing  pages  we  have 


IMPORTANCE  OF  THE  WATER  SUPPLY  381) 


spoken  of  it  as  if  it  were  pure  water  only  ; this  is,  however,  not 
the  case,  for  the  water,  when  absorbed,  contains  small  quanti- 
ties of  various  substances  in  solution.  Though  the  protoplasm 
opposes  the  entry  of  anything  like  a strong  solution  of  inorganic 
salts,  say  5 to  10  per  cent.,  it  allows  very  dilute  ones  to  enter 
much  as  it  does  pure  water.  In  this  way  the  slowly  diffusing 
stream  brings  to  the  protoplasm  of  each  cell  the  inorganic 
materials  which  are  absorbed  from  the  earth,  and  enables  the 
matters  elaborated  or  formed  from  them  by  the  protoplasm  to 
pass  from  cell  to  cell.  The  feeding  or  nutrition  of  the  various 
cells  is  thus  dependent  on  the  transit  of  fluid  about  the  plant 
in  the  way  described.  The  access  of  various  gases  is  similarly 
made  possible,  for  these  are  dissolved  in  the  liquid  stream. 
Thus  the  oxygen,  upon  the  presence  of  which  life  depends,  is 
transported  to  each  cell,  and  the  carbon  dioxide  of  respiration 
is  removed  from  the  seats  of  its  liberation.  The  condition 
of  turgescenee  is  necessary  also  for  growth  and  for  various 
movements  of  different  parts,  enabling  them  to  adapt  them- 
selves to  varying  conditions  of  their  environment.  Some 
plants,  particularly  those  which  are  aquatic  in  habit,  and  such 
parts  of  terrestrial  plants  as  have  but  little  woody  tissue,  are 
dependent  upon  the  turgidity  of  their  cells  for  the  rigidity  which 
enables  them  to  retain  their  positions  in  the  medium  in  which 
they  live. 

The  importance  of  the  water  supply,  and,  indeed,  its  necessity 
to  the  plant,  explains  the  presence  of  the  aqueous  tissue  which 
we  have  seen  to  occur  in  various  parts.  The  cells  of  this  tissue 
contain  little  else  than  water,  and  may  be  regarded  as  an  addi- 
tional reservoir,  supplementing  the  vacuoles  of  the  ordinary 
cells.  In  plants  that  inhabit  dry  arid  soils,  such  as  sandy  deserts, 
there  are  often  other  adaptations  relating  to  water  storage. 
Such  plants  are  often  covered  with  large  bladder-like  hairs, 
which  hold  a considerable  quantity  of  liquid.  In  many  plants 
the  epidermal  cells  form  a further  reservoir.  Plants  exposed  to 
conditions  threatening  too  copious  evaporation  are  generally 
furnished  with  a very  prominent  cuticle,  tending  to  check  undue 
escape. 
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CHAPTER  II. 

THE  TRANSPORT  OF  WATER  IN  THE  PLANT. 

We  have  seen  that  it  is  necessary  for  the  life  of  the  plant  that 
all  its  living  cells  shall  be  freely  supplied  with  water.  According 
to  the  habit  of  life  of  plants  the  mode  of  supply  must  necessarily 
vary.  Those  which  are  so  constituted  that  water  finds  free 
access  to  all  the  cells,  such  as  the  unicellular  or  filamentous  Algae, 
which  live  in  streams,  pools,  &c.,  present  no  difficulty,  as  osmosis 
can  go  on  freely  in  each  cell.  Sturdier  plants  of  aquatic  habit 
arc  almost  equally  easily  supplied ; the  water  enters  by  osmosis 
into  the  epidermal  cells,  which  we  have  already  seen  arc  pro- 
vided with  membranes  that  are  not  cuticularised,  and  it  can 
pass  readily  from  cell  to  cell  all  over  the  plant  body.  Plants  of 
terrestrial  habit,  from  the  nature  of  their  environment,  require 
a more  elaborate  mechanism,  which  is  found  in  the  large  de- 
velopment of  woody  tissue  they  exhibit.  Throughout  all  such 
plants  a stream  of  water  passes,  entering  in  at  the  roots,  passing 
along  the  woody  axis  of  the  root,  up  the  stem  into  the  leaves, 
where  a very  large  part  of  it  is  evaporated.  This  stream  of 
water  is  often  known  as  the  ascending  sap.  In  addition  to  this 
comparatively  rapid  stream,  slow  currents  of  diffusion  from 
cell  to  cell  are  also  maintained  as  in  the  plants  of  humbler 
development. 

Except  in  some  special  cases,  the  water  which  passes  through 
the  body  of  an  ordinary  land  plant  is  obtained  from  the  soil  in 
which  its  roots  are  embedded.  The  soil  itself  is  composed  of 
minute  particles  of  inorganic  matter,  derived  originally  from 
the  breaking  down  of  rocks,  and  of  decaying  animal  or  vegetable 
matter  mixed  with  the  inorganic  constituents.  This  organic 
matter  is  known  as  humus  and  is  of  very  varied  composition. 
The  soil  thus  consists  of  a loose  matrix  of  granular  character, 
the  interstices  of  which  are  normally  filled  with  air,  but  which 
can  contain  varying  quantities  of  water.  When  these  spaces  are 
filled  with  water,  the  plants  growing  in  the  soil  are  very  un- 
favourably placed  for  absorbing  it.  When  air  is  present  in  them, 
each  particle  of  soil  is  surrounded  by  a delicate  film  of  water, 
which  adheres  closely  to  it.  This  water,  often  spoken  of  as  hygro- 
scopic water,  is  the  source  of  the  plant’s  supply.  It  adheres  so 
firmly  to  the  soil  particles  that  it  escapes  ordinary  observation  ; 
if,  however,  soil  which  has  been  allowed  to  dry  at  any  moderate 
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temperature  till  its  interstices  are  apparently  empty  be  exposed 
to  a heat  approaching  that  of  boiling  water,  a considerable 
quantity  of  vapour  will  be  given  off,  due  to  the  volatilising  of  the 
hygroscopic  films. 

We  have  seen  that  the  youngest  roots  and  rootlets  are 
furnished  near  their  apices  with  a number  of  delicate  hairs  (jig. 
1230)  or  outgrowths  of  their  epidermal  cells  (fig.  1231),  which 
make  their  way  into  the  interstices  of  the  soil.  Not  only  do 
these  play  a very  important  part  in  anchoring  the  plant  to  the 
substratum,  but  they  are  the  means  by  which  the  water  is 
absorbed.  The  delicate  walls  of  these  root-hairs  come  into  the 
closest  relationship  to  the  particles  of  soil,  pressing  in  some  cases 


Fig.  1230 


Fig.  1231. 


Fin.  1230.  Ultimate  brandies  of  a root,  show- 
ing position  of  root-lmirs. Fig.  1231. 

Hoot-hairs  on  the  surface  of  a young  root. 


so  closely  upon  them,  that  the  particles  are  embedded  in  the 
membrane.  The  hygroscopic  film  of  water  is  so  separated  from 
the  interior  of  the  root-hair  by  a most  delicate  pellicle  of  almost 
pure  cellulose.  The  cell-sap  in  the  hair  contains  a certain 
amount  of  acid  in  solution,  and  by  virtue  of  this  osmosis  is  set 
up.  The  root-hairs,  which  are  very  numerous,  become  turgid, 
and  by  continued  osmosis  the  water  is  passed  inwards  to  the 
cortex  of  the  root,  all  the  cells  of  which  soon  exhibit  considerable 
turgescence,  thus  causing  a great  deal  of  hydrostatic  pressure 
in  the  cortex.  At  the  places  where  the  latter  abuts  upon  the 
xylem  elements  of  the  stele  a filtration  under  this  pressure  takes 
place,  so  that  the  water  is  forced  into  the  axial  woody  tissue. 
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The  filtration  when  set  np  tends  to  relieve  the  pressure  in  the 
cortex,  and  additional  water  can  then  be  absorbed  as  before. 
The  water  is  thus  made  to  rise  gradually  in  the  axial  stele,  for 
the  root-hairs  and  the  cortical  tissue  exert  together  in  this  way 
a kind  of  pumping  action,  forcing  it  along  the  axis.  This  force, 
due  to  the  turgescence  set  up  as  described,  is  known  as  root- 
pressure,  and  is  one  main  factor  in  the  transport  of  water 
through  the  plant.  The  turgescence  not  only  leads  to  the  rise 
of  sap  in  the  axial  stele,  but  spreads  throughout  the  whole  of 
the  cortical  tissue  of  the  plant,  reaching  indeed  every  cell  into 
which  osmotic  diffusion  can  take  place. 

The  stele  of  the  root  wo  have  seen  to  be  directly  continuous 
with  that  of  the  stem,  the  woody  elements  being  in  contact 
throughout.  The  stream  of  water  consequently  passes  up  the 
woody  tissue  of  the  stem  so  long  as  the  cells  are  living.  The 
hard  dead  wood  of  the  duramen  takes  no  part  in  the  conduction, 
which  is  confined  to  the  alburnum.  Some  discussion  has  taken 
place  as  to  the  exact  path  followed,  but  that  the  one  indicated  is 
that  which  is  taken  has  been  proved  by  cutting  incisions  round 
the  trunks  of  trees  to  various  depths.  So  long  as  the  alburnum 
is  not  cut  the  stream  is  not  interrupted,  but  if  the  wound  passes 
through  that  region  it  stops,  and  all  parts  of  the  tree  above  the 
incision  droop  and  die. 

The  water  has  been  said  by  some  observers  to  pass  along  the 
cell-walls  of  the  woody  vessels  and  tracheids,  and  not  through 
their  interior.  Other  writers  hold  that  the  main  stream  travels 
along  the  interior  of  the  cells.  To  this  point  we  shall  return 
later.  In  either  case  the  water  ascends  through  the  trunk, 
branches,  and  twigs  of  the  tree  till  it  reaches  the  points  at  which 
the  foliar  meristeles  leave  the  central  axis.  It  passes  along  the 
woody  elements  of  these,  entering  the  leaves  thus  by  the  fibro- 
vascular  bundles  or  veins.  From  these  it  makes  its  way  to  the 
parenchymatous  mesophyll  of  the  leaves,  the  cells  of  which  are 
thus  made  turgid.  Osmotic  diffusion,  interrupted  in  the  axis  of 
the  plant,  is  resumed  in  the  leaves,  and  a general  equilibrium  of 
turgescence  is  reached  in  them. 

We  have  seen  that  the  parenchyma  of  the  leaves,  and  par- 
ticularly that  of  the  lower  half  of  each,  is  abundantly  supplied 
with  intercellular  spaces  {fig.  1232).  The  cells  which  abut  upon 
these  spaces  are  furnished  with  very  delicate  walls  and  readily 
allow  a process  of  evaporation  to  take  place,  watery  vapour 
passing  into  these  passages.  The  surface  of  the  leaf  we  have 
seen  to  be  furnished  with  a number  of  openings  or  stomata, 
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each  communicating  with  the  system  of  intercellular  spaces, 
and  having  two  guard-cells  surrounding  it.  Through  these 
stomata  the  watery  vapour  evaporated  into  the  intercellular 
spaces  passes  to  the  external  ah’,  the  quantity  escaping  being 
regulated  by  the  degree  to  which  the  guard-cells  are  approxi- 
mated. We  have  thus  a copious  evaporation  taking  place  from 
the  surface  of  the  leaves,  which  plays  an  important  part  in 
causing  the  flow  of  water  through  the  plant.  This  evaporation 
is  known  as  transpiration  and  must  be  discussed  more  fully 
later. 

Little  or  no  evaporation  takes  place  from  the  surface  of  the 
epidermis  of  the  leaves,  the  cells  of  which  have  then’  outer 
walls  generally  strongly  or  weakly  cuticularised,  the  cuticle 
offering  considerable  resistance  to  the  passage  of  water,  or 
watery  vapour,  in  either  direction. 

The  escape  of  water  is  thus 
mainly  brought  about  by  evapo- 
ration into  the  intercellular  spaces 
of  the  leaves.  It  is  not  con- 
fined, however,  to  these,  but  takes 
place  generally  into  all  the  inter- 
cellular spaces,  which  form  a system 
of  minute  channels  permeating  the 
whole  plant.  The  actual  escape 
from  the  plant  takes  place  wherever 
there  are  stomata,  as  well,  that  is, 
from  the  young  green  twigs  as 
from  the  leaves  themselves.  It  is 
supplemented  in  some  cases  by  an  actual  excretion  of  water  as 
such,  carried  out  by  means  of  the  water  glands  we  have  seen  to 
occur  in  some  plants  at  the  ends  of  some  of  the  veins  of  the 
leaves.  When  the  hydrostatic  pressure  is  very  high  at  times  in 
herbaceous  plants,  water  may  be  forced  out  of  the  tips  of  the 
leaves  without  the  intervention  of  glands. 

The  stream  of  water  thus  passing  through  the  plant  has  a 
very  important  influence  upon  its  development.  This  is  evident 
from  the  consideration  that  a large  part  of  the  food  of  the  plant 
is  absorbed  by  means  of  this  stream,  the  water  containing 
minute  proportions  of  the  various  nutritive  salts  which  exist  in  the 
soil.  The  quantity  passing  is  further  correlated  with  the  amount 
of  leaf  surface  which  the  plant  presents  ; where  there  is  a large 
leaf  area  there  is  copious  transpiration  ; this  necessitates  a larger 
path  for  the  ascending  stream  and  a consequent  development  of 


Fig.  1232. 


Fig.  1282.  Section  of  leaf  of  Bela, 
e.  Epidermis,  p.l.  Palisade  tissue. 
s.p.  Spongy  parenchyma  with 
large  intercellular  spaces. 
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the  axial  portions  of  the  plant.  Where  there  is  a large  how  of 
water,  as  in  a tree,  there  is  a continuous  formation  of  material ; 
where  the  transpiration  is  but  slight,  as  in  a Cactus,  there  is  but 
little  formation  of  new  plant  substance. 


CHAPTEK  III. 

THE  SKELETON  OF  THE  PLANT. 

We  have  seen  that  the  protoplasm  of  the  plant  is  a soft  almost 
jelly-like  substance,  incapable  of  resisting  any  considerable 
disturbing  force  or  pressure,  such  as  almost  all  plants  are 
inevitably  exposed  to,  whatever  be  the  nature  of  their  environ- 
ment. To  enable  them  to  cope  with  the  difficulties  presented 
by  the  latter,  plants  must  possess  a certain  rigidity,  which  varies 
with  the  nature  of  their  situation.  The  soft  protoplasm  must 
consequently  be  supported  by  something  which  will  secure  this 
rigidity.  The  several  protoplasts  are  in  most  cases  surrounded 
by  a cell-wall  or  membrane  which  subserves  this  purpose. 
According  to  the  habitat  of  each  plant  the  development  of  its 
cell-membranes  shows  various  degrees  of  complexity,  and  many 
modifications  of  the  original  structure  are  found.  We  have 
already  seen  that  such  modifications  take  the  forms  of  alteration  of 
the  shape  of  the  cell,  of  aggregations  of  cells  in  various  ways,  and 
of  differences  of  chemical  constitution  brought  about  as  the  age  of 
the  cell  increases.  These  differences  are  not  merely  connected 
with  the  maintenance  of  rigidity,  but  subserve  also  various 
functions  which  the  different  tissues  of  complex  plants  perform. 

In  the  simplest  plants,  consisting  of  single  cells,  or  rows  or 
plates  of  cells,  and  living  in  water,  but  little  rigidity  is  needed. 
The  unthickened  cell-wall  is  here  sufficient,  when  combined 
with  the  turgescence  of  the  cells,  to  prevent  their  being  destroyed 
by  the  ordinary  antagonistic  influences  which  they  have  to 
encounter.  The  form  of  the  plant  is  also  modified  to  enable  it 
to  survive  such  difficulties.  Plants  growing  in  rapidly  flowing 
water  usually  have  flexible  stems  and  much-divided  leaves, 
which  consequently  give  way  to  the  current  and  escape  damage. 
Those  of  terrestrial  habit,  on  the  other  hand,  exposed  to  winds 
and  storms,  are  furnished  with  considerable  development  of 
woody  roots  which  anchor  them  securely  to  the  earth,  and  with 
sturdy  trunks  consisting  of  masses  of  wood,  which  secure 
stability  even  when  atmospheric  disturbances  are  severe.  The 
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subdivisions  of  the  trunk,  ending  in  finely  divided  twigs,  while 
exposing  considerable  surface  to  the  air,  present  on  the  whole 
a fairly  yielding  plant  body,  through  which  the  currents  of  air 
can  make  their  way  without  meeting  such  a resistance  as  to 
cause  the  uprooting  of  the  tree.  In  other  forms  a weak  stem 
of  considerable  length  exists,  which  obtains  support  by  clinging 
in  various  ways  and  holding  by  various  mechanisms  to  some 
other  structure,  such  as  the  trunks  of  trees,  rocks,  walls,  &c.  In 
these  the  woody  development,  though  considerable,  is  much  less 
than  in  ordinary  trees. 

The  leaves  show  similar  adaptations  of  structure  to  environ- 
ment. The  venation  of  the  leaves,  though  mainly  subserving 
the  purpose  of  transport  of  liquids,  is  yet  often  such  as  to  afford 
considerable  resistance  to  damage  from  strong  winds.  Frequently 
the  veins  are  so  arranged  as  to  form  a series  of  arches  on  the 
external  margins,  preventing  lateral  tearing.  The  epidermal 
cells  of  many  leaves  often  exposed  to  intense  cold  are 
strongly  cuticularised,  and  the  rigidity  thus  afforded  is  sometimes 
supplemented  by  a development  of  hypodermal  sclerenchyma. 

All  these  arrangements  may  be  regarded  as  affording  a 
supporting  skeleton  to  the  plant,  the  nature  of  which  and  the 
degree  of  its  development  can  only  be  understood  by  a considera- 
tion of  the  habit  of  life  of  the  plant  under  examination  and  the 
dangers  to  which  its  environment  exposes  it. 

The  ordinary  cell-wall  of  the  cell  as  it  is  first  formed  is  a 
clear,  transparent,  extensible,  and  elastic  membrane,  which  is 
secreted  by  the  protoplasm  and  which  remains  in  contact  with 
it  so  long  as  the  cell  is  living.  It  is  capable  under  certain  con- 
ditions of  absorbing  comparatively  large  quantities  of  water,  and 
in  consequence  swelling  considerably.  It  is  usually  said  to  be 
composed  of  a substance  named  cellulose,  whose  chemical  com- 
position is  represented  by  the  formula  n (C(1H,0O5),  the  value  of  n 
not  yet  having  been  exactly  determined.  This  substance  is  related 
to  such  bodies  as  starch,  sugar,  &c.,  being  a member  of  the  group 
of  carbohydrates.  It  is  capable,  under  the  action  of  certain 
reagents,  of  being  converted  into  a form  of  sugar,  and  under 
particular  circumstances  it  can  yield  nutritive  material  for  the 
use  of  the  living  substance. 

Probably,  however,  the  cell-wall  is  in  very  few  cases  alto- 
gether composed  of  pure  cellulose,  but  mixed  with  the  latter, 
certain  bodies  occur  which  are  compounds  of  pectic  acid  with 
lime.  There  are  many  such  bodies,  but  our  knowledge  of 
them  is  very  imperfect,  nor  is  their  respective  distribution  at 
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all  well  understood.  Certain  solvents  will  extract  them  from 
ordinary  cell- walls,  leaving  cellulose  as  the  basis  of  the  latter. 

The  reactions  of  cellulose  have  been  already  described  in 
an  earlier  section  in  dealing  with  the  composition  of  the  cell- 
wall.  The  most  characteristic  one  is  the  assumption  of  a blue 
colour  when  treated  with  iodine  and  some  hydrating  agent,  such 
as  strong  sulphuric  acid  or  chloride  of  zinc. 

Cellulose  itself  is  capable  of  existing  in  more  than  one  con- 
dition. We  find  some  kinds  of  it  which  will  stain  blue  on 
treatment  with  iodine  alone.  Examples  are  found  in  the  cell- 
walls  of  the  bast  of  the  stele  of  Lycopodium,  the  endosperm  of 
the  Pioony,  the  cotyledons  of  some  of  the  Leguminosse,  &c. 
The  walls  of  the  hyplue  of  the  Fungi  differ  again,  in  that  they 
will  not  give  the  blue  colour  with  iodine  even  after  treatment 
with  hydrating  agents.  Recent  observations  suggest  that  this 
variety  of  cell-wall  approaches  in  composition  the  chitin  of  the 
animal  kingdom. 

It  is  probable  that  cellulose  is  chemically  combined  with  a 
certain  amount  of  water,  and  that  the  degree  of  hydration  differs 
in  the  different  varieties  described. 

Where  considerable  rigidity  of  structure  is  needed  it  is 
obtained  by  the  conversion  of  the  cellulose  into  lignin,  the 
material  found  conspicuously  in  the  walls  of  wood  colls.  This  is 
formed  in  the  substance  of  the  cell-walls,  and  in  partially  lignified 
membranes  the  lignin  can  be  dissolved  out,  leaving  a cellulose 
basis.  In  its  chemical  characters  lignin  differs  materially  from 
cellulose  ; it  has  no  extensibility,  nor  can  it  absorb  water  and 
swell  as  can  the  latter  ; on  the  other  hand  it  allows  water  to  pass 
through  it  with  great  rapidity  and  case.  It  can  be  recognised 
micro-chemically  by  staining  red  when  treated  with  phloroglucin 
and  a mineral  acid,  or  yellow  with  aniline  chloride  under  the 
same  conditions. 

Lignin  is  probably  not  a definite  chemical  compound,  but  a 
mixture  of  substances  successively  formed  from  the  cellulose. 
Its  physical  properties  render  it  particularly  adapted  to  serve 
as  the  material  of  which  the  tissues  conducting  the  stream  of 
water  are  composed.  Its  lack  of  flexibility  or  extensibility  makes 
it  suitable  for  the  securing  of  rigidity  in  tissues  or  structures 
needing  strong  power  of  resistance  to  winds  or  storms. 

The  modification  of  the  tegumentary  tissue  of  the  higher 
plants  takes  the  form  primarily  of  the  transformation  of  the 
cell-w'all  into  cutin  or  suberin,  the  former  being  characteristic 
of  the  outer  layers  of  the  epidermal  cell- walls,  and  leading 
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to  the  peculiar  properties  of  the  cuticle.  Suberin  is  the  sub- 
stance found  in  great  proportion  in  the  walls  of  corky  cells. 
Both  of  these  are  formed,  like  lignin,  by  modification  of  cellulose. 
They  serve  rather  to  prevent  undue  evaporation  than  to  act  as 
a true  skeleton.  In  old  trees,  however,  the  complex  barks,  into 
the  composition  of  which  cork  enters  to  a very  considerable 
extent,  often  subserve  somewhat  the  purpose  of  aiding  in  the 
mechanical  support  of  the  tree,  especially  in  cases  where  the 
woody  centre  decays  and  the  tree  becomes  hollow. 

In  many  cases  the  cell-walls,  while  remaining  chemically 
unchanged,  become  impregnated  with  silica  or  other  mineral 
matter.  The  cereal  grasses  and  the  Equisetacete  accumulate 
copious  quantities  of  silica  in  the  walls  of  their  epidermal  cells. 
Though  this  appears  not  to  be  altogether  essential  to  their  power 
of  remaining  upright,  it  no  doubt  materially  assists  it. 

Other  modifications  of  cellulose  are  found  in  various  cell- 
walls,  but  they  are  comparatively  unimportant  from  the  point  of 
view  now  under  discussion. 

Where  the  ordinary  unmodified  cell-walls  of  the  plant  are 
not  sufficient  to  secure  rigidity,  as  in  most  terrestrial  plants,  there 
is  a very  varied  distribution  of  tissues  for  that  purpose.  The 
forms  which  are  found  are  collencliyma,  sclerenchyma,  and 
vascular  tissue,  the  former  two  appearing  to  subserve  mechanical 
purposes  only,  while  the  latter  also  takes  part  in  the  transport  of 
water.  In  delicate  stems  but  little  development  of  either  is  seen  ; 
thus  most  moss  plants  show  in  their  axis  only  the  hypodermal 
cells  thickened,  while  this  is  supplemented  in  the  Polytricliacece 
by  a central  core  of  somewhat  lignified  cells.  In  succulent 
petioles  there  is  a hypodermal  development  of  collencliyma,  in 
addition  to  the  meristeles,  which  contain  a certain  amount  of 
wood.  In  many  herbaceous  stems,  particularly  those  with 
angles,  strands  of  sclerenchyma  are  found  underlying  part  or 
the  whole  of  the  margins.  In  many  Monocotyledons  of  humble 
growth  the  centre  of  the  stem  is  hollow  or  is  occupied  by  thin- 
walled  fundamental  tissue,  sometimes  made  of  stellate  cells,  and 
the  margin  is  strengthened  by  strands  of  sclerenchymatous 
fibres  placed  behind  or  between  the  fibro-vascular  bundles. 

Plants  of  larger  growth  depend  very  greatly  on  the  fibro- 
vascular  paid  of  the  stele  for  their  supporting  tissue.  This  is 
seen  most  easily  in  the  trees  belonging  to  the  Gymnosperms  and 
Dicotyledons,  which  increase  regularly  in  thickness.  Large 
monocotyledonous  trees  depend  upon  the  same  class  of  elements, 
though  the  distribution  of  the  individual  bundles  is  different. 
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In  many  members  of  these  groups,  and  in  many  of  the  Pteri- 
dophytes,  the  fibro -vascular  system  is  not  so  well  developed,  and 
we  find  in  such  plants  that  the  stereome  is  supplemented  by  the 
appearance  of  bands  or  sheaths  of  sclerenchyma  very  variously 
disposed.  There  is  usually  a considerable  hypodermal  develop- 
ment, besides  masses  occurring  more  deeply  in  the  axis.  Some- 
times the  cortical  ground  tissue  contains  isolated  sclerenchyma- 
tous  bands,  often  of  large  size ; frequently  the  pericycle  has 
similar  developments.  Sometimes,  again,  the  sclerenchyma, 
instead  of  being  in  isolated  strands,  forms  a continuous  ring  or 
sheath.  Many  stems  contain  developments  in  all  three  regions 
which  are  variously  connected  together. 

The  arrangements  of  stereome  tissue  in  the  leaves  are 
similarly  varied.  The  meristele  of  the  petiole  is  frequently 
found  to  have  a large  amount  of  sclerenchyma  in  its  pericycle, 
and  this  is  continued  upwards  along  the  chief  axis  or  axes  of  the 
epipodium,  gradually  thinning  out  as  the  margin  is  approached. 
In  the  large  flattened  leaves  of  some  Monocotyledons,  bands  of 
sclerenchyma  frequently  extend  completely  across  the  interior. 
In  some  leathery  leaves  large  idioblasts  of  various  form  act 
as  struts  or  trabeculae,  reaching  from  one  epidermis  to  the 
other.  The  arrangement  of  the  veins  in  many  leaves  has 
already  been  alluded  to. 

The  root  usually  depends  for  its  rigidity  upon  the  great 
development  of  fibro-vascular  tissue  in  the  stele.  As  we  have 
seen,  the  tissues  external  to  the  endodermis  are  not  as  a rule 
long-lived,  and  hence  the  bulk  of  an  adult  root  is  stelar  in  origin. 
Aquatic  roots,  like  the  stems  of  the  same  plants,  have  but  little 
development  of  specially  supporting  tissue,  but  owe  their  rigidity 
to  the  turgescence  of  their  cortex. 


CHAPTElt  IV. 

THIS  TRANSPIRATION  CURRENT — ROOT-PRESSURE — TRANSPIRATION. 

We  have  seen  in  Chapter  II.  that  in  terrestrial  plants,  so  long  as 
circumstances  are  favourable  to  the  vital  activity  of  the  organ- 
ism, a stream  of  water  is  passing  from  the  roots  through  the 
axis  to  the  green  twigs  and  leaves,  where  the  greater  part  of  it 
is  evaporated.  This  current  has  been  called  the  transpiration 
current,  and  its  rate  has  been  ascertained  to  be  on  an  average 
about  100  centimetres  per  hour.  The  path  by  which  it  passes 
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has  been  shown  to  be  the  young  wood  of  the  axial  stele,  into 
which  it  is  forced  by  a kind  of  filtration  from  the  over-turgid 
cortical  tissue  of  the  root.  The  wood  vessels  and  tracheids 
form  a closed  system,  quite  separated  from  the  atmosphere,  con- 
taining air  and  a certain  quantity  of  water.  Sometimes  they 
are  filled  with  the  latter,  often  they  contain  a much  larger 
quantity  of  air.  In  no  case  probably  are  they  during  life  free 
from  either,  though  the  proportions  of  the  two  vary  very  greatly. 
Much  controversy  has  arisen  as  to  whether  the  transport  of  the 
water  takes  place  through  the  substance  of  the  cell- walls  or 
through  the  cavity  of  the  vessels  and  tracheiids.  The  character 
of  the  cell-walls  suggests  that  very  possibly  water  may  be  carried 
through  them  ; that  indeed  their  structure  may  be  regarded  as  a 
column  of  water  held  together  by  the  molecules  of  the  lignified 
substance.  This  view  is  supported  by  the  behaviour  of  lignin, 
which  while  refusing  to  absorb  much  liquid  and  swell,  as 
cellulose  does,  yet  can  contain  a certain  quantity  which  it  will 
part  with  very  easily.  On  the  other  hand  compression  of  the 
vessels  by  a vice,  if  carried  so  far  as  partially  or  entirely  to 
obliterate  their  cavities,  materially  interferes  with  the  rate  of 
flow. 

Many  causes  appear  to  co-operate  in  maintaining  this 
upward  stream.  We  have  the  constant  pumping  action  of  the 
cortex  of  the  root,  giving  us  the  force  known  as  root-pressure. 
We  have  also  the  modified  evaporation  from  the  surface  of  the 
green  parts  of  the  plant,  which  we  have  spoken  of  as  transpira- 
tion. Between  these  two  a third  force  comes  into  play,  which 
is  necessar-y  to  connect  the  other  two.  The  water  forced  into 
the  wood  vessels  by  the  filtration  due  to  root-pressure  is  found 
to  saturate  them  throughout  their  length.  The  ultimate  ends 
of  the  separate  vascular  bundles  in  the  leaves  are  surrounded 
by  parenchymatous  cells  which  contain  various  osmotically 
active  substances.  Consequently  osmosis  takes  place  between 
them  and  the  water-containing  tracheids,  and  the  water  is 
withdrawn  from  the  latter.  Osmosis  seems  to  be  very  active 
in  the  cells  of  the  leaves,  and  no  doubt  plays  an  important  part 
in  conducting  the  water  to  the  cells  abutting  more  conspicuously 
upon  the  intercellular  spaces  in  the  parenchyma.  Besides 
these  three  forces,  other  factors  have  been  held  to  co-operate, 
though  much  less  certainly  than  they.  The  walls  of  the  vessels 
having  extremely  narrow  calibre,  capillarity  has  been  suggested 
as  playing  a part.  This  cannot,  however,  have  much  effect 
in  a system  of  closed  tracheids,  like  those  of  the  secondary 
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wood  of  the  Conifers,  which  nevertheless  conduct  the  water. 
It  has  been  thought  that  the  living  cells  of  the  parenchyma  which 
abut  upon  the  woody  tissue  of  the  stele  may  play  a part  similar 
to  the  pumping  action  of  the  root.  Against  this  theory  we  have 
the  fact  that  if  the  transpiration  current  be  made  to  contain  sub- 
stances that  are  poisonous  to  the  living  cells,  and  the  latter 
are  consequently  killed,  the  current  still  goes  on.  Nor  do 
differences  of  gaseous  pressure  within  and  without  the  plant, 
or  at  different  portions  of  the  axis,  explain  the  matter  more 
satisfactorily. 

We  may  now  discuss  the  chief  forces  in  the  movement 
more  fully. 

Root-pressure. — W e have  shownhow  the  absorption  of  water 
osmotically  from  the  soil  by  the  root-hairs  leads  to  a great 
turgescence  of  the  tissue  of  the  cortex  of  the  root,  which  tur- 
gescenec  exerts  considerable  pressure  on  the  sides  of  the  vessels 
and  tracheitis  of  the  xylem  of  the  stele.  By  this  means  water 
with  various  salts  and  other  constituents  in  extremely  small 
quantity,  is  forced  into  the  fibro-vascular  tissue.  The  process 
is  not  a purely  physical  one  of  filtration  under  pressure,  but  is 
regulated  to  some  extent  by  the  protoplasm  of  the  most  internal 
cortical  cells.  When  these  are  distended  to  their  greatest 
capacity  the  protoplasm  appears  to  be  stimulated,  perhaps  by 
the  very  distension,  and  in  consequence  to  allow  water  to 
transude  through  its  substance.  This  mode  of  response  to 
stimulation  is  not  infrequent  in  vegetable  tissues ; indeed,  it 
appears  to  correspond  to  the  response  of  a muscle  to  stimulation 
by  the  process  of  contraction.  The  protoplasm  thus  relieves 
itself  of  the  over-distension,  and  we  get  an  intermittent  pumping 
action  set  up,  which  has  a certain  rhythm.  By  it  large  quanti- 
ties of  liquid  are  continually  being  forced  into  the  axial  stele. 

This  water,  under  particular  conditions,  may  accumulate  in 
the  vessels,  and  its  presence  can  then  very  readily  be  demon- 
strated and  the  force  of  the  root-pressure  measured.  If  a vine 
stem  be  cut  through  in  the  early  spring,  before  its  leaves  have 
unfolded,  a continuous  escape  of  water  takes  place  from  the  cut 
surface,  and  the  vine  is  said  to  bleed.  This  phenomenon  is  not 
peculiar  to  tbc  ving,  but  is  shared  in  by  all  other  terrestrial 
plants.  In  many  herbaceous  forms  this  forcing  out  of  water  by 
root-pressure  may  be  seen  without  cutting  the  plant  at  all. 
Many  grasses  and  other  herbaceous  plants  show  in  the  early 
morning  a certain  exudation  of  water  from  the  tips  of  their 
leaves,  which  is  due  to  the  same  over-turgescence. 
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To  measure  the  root-pressure  in  a plant  the  apparatus  shown 
in  fig.  1233  may  be  used.  It  consists  of  a T-piece  of  glass  tubing 
which  is  fastened  by  indiarubber  rings  to  the  top  of  a cut  stem, 
such  as  that  of  Heliauthus.  To  the  side  arm  of  the  tube  a bent 
tube  of  capillary  bore  is  attached  by  a tightly  fitting  cork,  and 
the  T-piece  is  filled  with  water.  Mercury  is  poured  into  the 
bent  tube  till  it  stands  at  a level  a little  below  the  cork.  As 
the  root  continues  to  take  up  water  it  forces  it  into  the  tube  R, 
whence  it  overflows  into  the  capillary  tube,  causing  the  mercury 
in  its  two  limbs  to  be  at  unequal  levels.  By  the  displacement 
of  the  mercury  the  force  of  the  root-pressure  can  be  esti- 
mated. 

The  root-pressure  of  various  plants  has  been  measured  by 
different  observers ; an  idea  of  its  amount  may  be  gathered 
from  the  fact  that  a medium-sized  Fuchsia  in  a pot  has  been 
found  able  to  send  a column  of  water  up 
a tube  of  the  same  diameter  as  its  stem 
to  a height  of  twenty -five  feet. 

This  force  is  continually  at  work 
while  the  transmission  of  water  is  going 
on,  but  it  is  not  easily  seen  later  in  the 
year.  If  the  stem  of  the  vine  be  cut  in 
July  instead  of  April,  no  bleeding  follows 
the  wound.  This  is  not,  however,  due 
to  the  absence  of  the  activity  of  the  roots, 
but  to  the  fact  that  a copious  evaporation 
is  taking  place  from  the  leaves.  In  the 
experiment  in  April  the  conditions  were 
different,  there  were  no  expanded  leaves, 
and  the  water  absorbed  and  sent  upwards 
by  the  root  consequently  accumulated  in 
the  vessels  of  the  stem,  escaping  at  once 
when  the  latter  was  cut ; in  July  the 
vessels  had  been  emptied  by  the  transpi- 
ration, and  there  was  no  accumulation  of 
water  there  to  overflow.  The  apparatus 
just  described  will  show,  however,  that 
the  root-pressure  is  still  at  work  if  it  be 
used  in  July. 

The  root-pressure,  though  always  con- 
siderable, is  not  constant  in  amount ; it 
is  lowest  in  the  early  morning,  when  it  begins  to  increase  ; it 
continues  to  rise  till  about  midday  or  a little  later,  then  gradually 
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sinks.  A second  rise  takes  place  towards  evening,  and  then  it 
falls  continuously  all  night.  The  causes  of  this  rhythmic  daily 
period  are  at  present  unknown ; it  does  not  appear  to  depend 
upon  variations  of  its  surroundings,  but  to  arise  from  some 
cause  inherent  in  the  constitution  of  the  plant. 

Transpiration. — The  modified  evaporation  taking  place  from 
the  surfaces  of  the  succulent  parts  of  plants,  and  regulated 
in  amount  by  the  protoplasm  of  the  cells,  is  known  as  tran- 
spiration. It  is  easy  to  demonstrate  the  fact  of  its  continuous 
existence  by  enclosing  a plant,  or  part  of  one,  in  a dry  glass 
vessel,  which  can  he  closed  so  as  to  admit  no  air.  Very  soon 
the  surface  of  the  glass  is  covered  by  a fine  dew,  which  is  the 
condensed  vapour  escaping  from  the  plant.  The  same  thing 
may  he  seen  if  a vigorous  plant  he  covered  over  by  a bell-jar, 
the  water  condensing  copiously  upon  the  sides  of  the  latter. 

The  evaporation  takes  place  to  a certain  extent  through  all 
the  epidermal  cells  of  the  transpiring  organ,  but  not  to  a very 
great  one,  the  degree  of  development  of  the  cuticle  having 
considerable  influence  upon  the  amount.  It  is  carried  out  much 
more  freely  through  the  thin  walls  of  the  cells  abutting  upon  the 
intercellular  spaces,  which,  as  wc  have  seen,  communicate  with 
the  external  air  by  means  of  the  stomata  and  the  lenticels. 
The  transpiration  is  most  copious  in  the  leaf,  the  structure  of 
the  lower  side  of  which,  in  dorsiventral  leaves,  is  especially 
favourable  to  it.  If  a leaf  be  taken  which  has  stomata  upon 
its  under  side  only,  and  the  rate  of  transpiration  from  its  two 
surfaces  be  compared,  it  will  be  found  that  the  stomatal  gives 
off  considerably  more  vapour  than  the  other  surface. 

The  amount  of  moisture  given  off  in  transpiration  varies  in 
different  plants.  In  the  Sunflower  ( Helianthus ) the  amount 
has  been  stated  to  be  cubic  inch  of  water  per  square  inch 
of  surface  in  twelve  hours.  Doubtless  individual  plants  show 
a considerable  variety,  however,  in  the  amount.  This  copious 
evaporation  readily  explains  why  bleeding  of  plants  from  wounds 
cannot  bo  observed  when  the  leaves  are  expanded  and  active. 

The  removal  of  the  water  accumulated  by  root-pressure  in 
the  closed  system  of  vessels  leads  to  a diminution  of  the  pressure 
of  the  air  they  contain,  so  that  while  transpiration  is  active  there 
is  a negative  gaseous  pressure  existing  in  them.  This  is  of  con- 
siderable importance  in  assisting  in  the  movements  of  gases  in 
the  plant,  and  it  further  helps  the  pumping  action  of  the  root 
in  pressing  forward  the  water  by  exerting  a suction  upon  the 
parenchymatous  cortex. 
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Transpiration  is  not  a process  of  simple  evaporation.  As  in  the 
other  phenomena  we  have  examined,  the  protoplasm  exercises  a 
regulating  influence  upon  the  escape  of  watery  vapour  from  the 
cell.  If  the  amount  given  off  from  a measured  area  of  leaf 
surface  be  compared  with  the  amount  evaporated  from  an  equal 
area  of  free  water,  the  latter  is  found  to  be  much  the  greater. 
The  difficulty  of  making  a comparison  of  the  area  subject  to  the 
evaporation  is  very  great,  for  the  escape  of  watery  vapour  takes 
place  over  all  the  internal  surfaces  abutting  on  the  intercellular 
spaces,  which  probably  measure  many  times  the  external  area 
of  the  leaf,  which  contains  their  stomatal  openings.  The 
evaporation  from  the  free  surface  of  water  is  probably  many 
times  as  great  as  that  from  an  equal  surface  of  wet  cell-wall. 
That  this  is  due  to  the  life  of  the  leaf, 
and  therefore  to  the  protoplasm,  is  seen 
from  the  fact  that  a dead  leaf  gives  off 
its  water  and  dries  up  more  rapidly  than 
a surface  of  freely  exposed  water.  The 
cuticle  of  the  living  leaf  and  its  cell-walls 
are  consequently  not  the  causes  of  the 
differences  observed. 

If  the  protoplasm  of  the  cells  of  the 
turgid  leaves  of  a branch  be  stimulated 
by  violently  shaking  it,  the  leaves  be- 
come flaccid.  The  protoplasm  under  the 
stimulus  allows  more  vapour  to  pass 
through  it,  as  that  of  the  cortex  of  the  root  permitted  water  to 
pass  out  of  its  cells  under  the  stimulus  of  over-turgescence. 

The  ultimate  exudation  of  watery  vapour  is  thus  seen  to  be 
chiefly  carried  out  through  the  stomata  of  the  green  parts,  at 
any  rate  in  those  plants  which  possess  them.  The  mechanism  of 
the  stomata  has  already  been  alluded  to.  The  guard-cells  which 
surround  the  aperture'  are  capable  of  varying  turgescence,  the 
water  entering  and  leaving  them  from  the  other  cells  of  the 
epidermis,  which  abut  upon  them.  Those  walls  of  the  guard- 
cells,  which  abut  upon  the  air  space  underlying  them,  are,  as  a 
rule,  thickened  and  cuticularised  {fit j.  1234),  so  that  vapour  can- 
not enter  them.  The  wall  between  them  and  the  next  epidermal 
cell  is  thin  and  readily  allows  of  osmosis.  The  guard-cells 
themselves  differ  from  the  rest  of  the  epidermis  in  the  higher 
plants  by  containing  chloroplasts,  which  suggests  the  presence 
in  them  of  more  osmotic  substances  than  the  other  epidermal 
cells  contain.  The  guard-cells  are  so  attached  to  each  other 
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that  turgescence  causes  them  to  separate,  opening  the  aperture. 
Loss  of  water  induces  in  them  a flaccid  condition,  and  their 
edges  fall  together  and  partly  or  wholly  close  the  slit.  Hence 
when  the  cells  of  the  epidermis  are  turgid,  the  stomata  open ; 
when  they  lose  their  turgescence  these  organs  are  closed.  Thus 
the  escape  of  watery  vapour  is  accelerated  or  retarded  by  their 
action. 

Transpiration  is  markedly  increased  by  light,  rising  to  many 
times  its  original  amount  when  a plant  is  transported  from 
darkness  into  sunshine.  This  is  not  due  to  the  rise  of  temperature 
accompanying  the  illumination,  though  the  greater  warmth  may 
have  some  influence  upon  it.  The  effect  of  light  upon  the  stomata 
is  to  cause  them  to  open  ; hence  they  are  open  during  the  day  and 
closed  during  the  night.  It  is  probable,  however,  that  this  is 
not  directly  due  to  the  light.  If  coloured  light  be  employed,  it 
is  found  that  the  rays  which  influence  the  opening  or  closing  are 
those  which  are  absorbed  by  chlorophyll — a fact  which  has  some 
significance  when  it  is  remembered  that  the  guard-cells  contain 
that  pigment. 

Other  external  conditions  which  have  an  influence  upon  this 
function  are  the  hygrometric  condition  of  the  air,  the  tempera- 
ture of  the  soil  in  which  the  roots  of  the  plant  are  embedded, 
and  the  mechanical  disturbances  to  which  the  plant  is  subjected. 
If  the  air  be  dry,  transpiration  is  vigorous ; if  moist,  then  it  is 
checked.  If  a plant  be  exposed  to  a warm  dry  atmosphere  till 
the  leaves  droop  from  too  great  a loss  of  water  and  then  be  trans- 
ferred to  one  saturated  with  moisture,  after  a short  time  they 
again  become  turgid.  This  is  not  due  to  an  absorption  of  water 
in  the  form  of  vapour  by  the  leaves,  but  to  a diminished  loss  by 
the  checking  of  transpiration.  The  return  of  turgidity  is  caused 
by  the  accumulation  of  the  store  drawn  from  the  earth  by  the 
roots.  Warming  the  soil  increases  the  amount  of  vapour  given 
off  by  the  leaves.  The  mechanical  disturbance  of  shaking  has 
already  been  alluded  to,  and  it  has  been  seen  that  when  thus 
stimulated,  the  protoplasm  allows  transpiration  to  increase. 
This  helps  to  explain  the  flaccid  condition  observable  in  some 
trees  after  the  prevalence  of  a high  wind.  The  continued 
renewal  of  the  air  around  the  transpiring  organs  may  also  have 
the  effect  of  increasing  the  removal  of  vapour. 

When  transpiration  is  excessive,  the  leaves  and  branches 
lose  their  turgescence,  become  flaccid  and  droop.  A branch 
which  has  reached  this  condition  may  be  revived  by  forcing 
water  into  it,  which  can  be  done  by  fastening  it  in  one  arm  of  a 
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U-tube  containing  water  and  pouring  mercury  into  the  other. 
The  restoration  of  the  water  restores  the  turgidity  of  the  tissues. 

Transpiration  is  of  the  greatest  importance  to  the  plant  in 
many  ways.  By  maintaining  a copious  flow  of  liquid  to  the  cells 
of  the  leaves,  it  brings  to  the  metabolic  cells  of  their  mesophyll  a 
supply  of  the  materials  needed  by  the  plant  for  the  construction 
of  its  nutritive  substances,  and  it  assists  in  the  transportation  of 
the  stored  material  laid  up  in  various  parts  of  the  stem  and  root  to 
the  growing  parts  and  other  seats  of  consumption.  Its  influence 
in  maintaining  the  turgidity  of  the  tissues  is  also  very  consider- 
able, and  this  turgescence  is  of  the  highest  importance  to  the 
growing  cells,  growth  itself  and  many  adaptations  to  changes  in 
the  plant’s  environment  being  dependent  upon  it.  The  negative 
gaseous  pressure  in  the  vessels,  already  alluded  to,  is  dependent 
upon  transpiration.  The  importance  of  the  presence  of  the 
water  to  the  life  of  the  protoplasm  has  already  been  shown. 


CHAPTER  V. 

THE  FOOD  OF  PLANTS.  INTRODUCTORY. 

A good  deal  of  misconception  exists  as  to  the  nature  of  the  food 
of  plants.  The  character  of  their  environment  and  the  absence  of 
any  means  provided  in  their  structure  for  taking  in  material  of 
a nature  in  any  way  approaching  the  composition  of  living  sub- 
stance, have  led  to  a not  unnatural  idea  that  they  feed  upon  simple 
inorganic  compounds  of  comparatively  very  great  simplicity. 
The  idea  has  found  considerable  support  in  the  fact,  which  is 
easily  ascertained,  that  such  bodies  are  those  which  are  absorbed 
in  the  first  instance.  By  their  roots  when  they  live  fastened  in 
the  soil,  or  by  their  general  surface  when  they  are  inhabitants  of 
water,  comparatively  simple  inorganic  salts  are  found  to  enter 
them  with  the  water  that  they  take  up.  By  their  green  parts, 
and  especially  by  their  leaves,  carbon  dioxide  is  absorbed,  either 
from  air  or  water,  according  to  their  habit.  A study  of  the 
whole  vegetable  kingdom,  however,  throws  considerable  doubt 
upon  the  theory  that  these  substances  are,  in  the  strict  sense,  to 
be  called  their  food.  Fungi  and  phanerogamic  parasites  can 
make  no  use  of  such  bodies  as  carbon  dioxide,  but  draw  elaborated 
products  from  the  bodies  of  their  hosts.  Those  fungi  which  are 
saprophytic,  in  the  same  way  can  only  live  when  furnished  with 
organic  compounds  of  some  complexity,  which  they  derive  from 
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decaying  animal  or  vegetable  matter.  We  have  no  reason  to 
suppose  that  the  living  substance  of  these  non-chlorophyllaceous 
plants  is  so  radically  different  from  that  of  their  green  relations 
that  it  has  a totally  distinct  mode  of  nutrition. 

In  the  higher  plants  we  find  a stage  of  their  life  in  which 
the  nutritive  processes  approximate  very  closely  to  those  of  the 
group  last  mentioned.  When  the  young  sporophyte  first  begins 
its  independent  life — when,  that  is,  it  exists  in  the  form  of  the 
embryo  in  the  seed — its  living  substance  has  no  power  to  utilise 
the  simple  inorganic  bodies  spoken  of.  The  shoot  which  a 
potato  puts  out  derives  its  food  from  the  interior  of  the  tuber. 
Fleshy  roots,  conns  bulbs,  and  all  bodies  which  are  capable  of 
renewed  life  after  a period  of  (quiescence,  show  us  the  same 
thing ; the  young  shoot  emerging  from  any  of  them  is  not  fed 
upon  simple  inorganic  bodies,  but  upon  substances  of  consider- 
able complexity,  which  it  derives  from  the  tissues  of  the  structure 
from  which  it  springs. 

Even  in  adult  plants  of  the  most  considerable  complexity 
we  find  instances  of  the  same  thing ; the  living  substance  is 
nourished  by  materials  which  have  been  constructed  by  it  and 
stored  at  various  places  in  its  substance  till  their  consumption 
has  been  called  for. 

- What,  then,  are  these  substances  which,  in  the  strict  sense, 
constitute  the  food  of  plants  ? We  can  ascertain  what  are 
necessary  by  inquiring  what  are  the  materials  which  are  de- 
posited in  the  seed  for  the  nutrition  of  the  embryo  when  the  seed 
germinates.  We  find  there  examples  of  great  classes  of  food 
stuffs  which  are  similar  to  those  on  which  animal  protoplasm  is 
supported,  and  are  led  again  and  again  to  the  idea  that  vegetable 
protoplasm  is  essentially  identical  with  the  latter.  Proteids,  carbo- 
hydrates, fats,  or  oils  are  tho  materials  which,  in  varied  forms, 
are  met  with.  If  we  study  the  protoplasm  of  a living  active 
vegetable  cell  and  treat  it  with  appropriate  solvents,  we  can 
extract  representatives  of  these,  or  of  some  of  them,  from  its 
substance,  the  meshes  of  which  are  the  places  in  which  it  is 
deposited.  The  nutrition  of  the  protoplasm  can  only  take  place 
when  these  substances  are  brought  into  the  most  intimate  rela- 
tions with  it ; from  them,  no  doubt,  in  ways  not  yet  discovered, 
it  builds  itself  up,  and  by  its  own  decomposition  it  reproduces 
them.  The  interchange  of  matter  between  the  living  substance 
and  its  food,  the  way  in  which  the  latter  is  transformed  into  the 
former,  are  points  about  which  yet  almost  everything  essential 
remains  to  be  discovered. 
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But  while  we  recognise  that  the  ultimate  nutrition  of  proto- 
plasm is  dependent  upon  a supply  to  it  of  such  materials,  we 
are  face  to  face  with  the  fact  that  such  materials  are  not  furnished 
from  the  environment  to  the  ordinary  green  plant.  On  the 
other  hand  we  find  the  latter  taking  in  by  ordinary  physical 
processes  carbon  dioxide  from  the  air  and  a variety  of  salts  from 
the  soil,  and  we  ascertain  that  if  these  are  supplied  under 
suitable  conditions,  the  plant  can  flourish  and  develop.  In  one 
sense,  then,  these  substances  constitute  its  food,  but  we  must 
carefully  consider  what  we  mean  by  the  term.  In  the  nutrition 
of  such  plants  there  are  clearly  two  very  different  processes  con- 
cerned, which  should  be  kept  carefully  distinct.  We  have  the 
absorption  of  food  materials  rather  than  of  food  in  the  true 
sense,  and  we  have,  following  such  absorption,  the  expenditure 
of  a considerable  amount  of  energy  upon  these  food  materials, 
with  the  result  that  they  are  worked  up  into  the  complex  com- 
pounds which  we  find  protoplasm  can  assimilate,  and  which  are 
those  which  are  stored  away  in  the  substance  of  the  plant  for  the 
nutrition  of  embryo,  bud,  or  growing  point. 

This  may  be  made  clearer  by  examining  whether  these 
simple  inorganic  materials  are  capable  of  nourishing  protoplasm 
when  freely  supplied  to  it.  If  they  are  the  true  food,  plants 
everywhere  should  be  able  to  make  use  of  them.  But  if  we 
consider  only  one  of  them,  the  carbon  dioxide  of  the  air,  we  find 
this  is  not  the  case.  The  plants  which  are  not  green,  that  is, 
which  contain  no  chloroplasts,  can  do  nothing  with  this  gas.  So 
long  as  a seed  is  in  the  early  stages  of  its  germination  it  is  sur- 
rounded by  carbon  dioxide  which  is  given  off  by  its  own  proto- 
plasm. But  it  can  make  no  use  of  it,  and  if  the  store  of 
nourishment  provided  for  it  in  the  endosperm  or  cotyledons  is 
cut  off,  it  inevitably  dies  of  starvation. 

If  a green  plant,  which  is  in  good  health  and  endowed  with 
ample  vigour,  is  removed  from  light  to  darkness,  though  carbon 
dioxide  be  supplied  in  appropriate  quantity,  it  can  make  no  use 
of  it. 

So  with  other  constituents  of  the  materials  from  which  the 
true  food  of  the  living  substance  is  elaborated.  They  are 
absorbed  in  quantity,  but  they  are  not  food  until  a considerable 
amount  of  work  has  been  done  upon  them  by  the  plant  itself. 

In  connection  with  the  nutrition  of  plants  we  have  thus  to 
deal  with  the  absorption  of  the  crude  food  materials  and  to  study 
the  changes  which  they  undergo  after  such  absorption.  But 
this  is  not  all ; the  food  which  is  laid  up  in  seeds,  tubers,  bulbs, 
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&c.,  is  not  deposited  there  in  exactly  the  condition  in  which  the 
living  substance  requires  it,  so  that  there  remains  for  us  to  con- 
sider the  processes  which  these  materials  also  undergo  for  the 
purpose  of  feeding  the  living  protoplasm.  The  first  process  is 
one  of  building  up  complex  bodies  from  simple  materials ; the 
second  is  comparable  with  the  digestion  which  is  so  marked  a 
feature  of  animal  alimentation,  and  is  one  of  breaking  down 
very  complex  bodies  into  simpler  ones.  The  nutrition  of  the 
protoplasm  shows  two  similar  phases  ; the  appropriation  of  the 
ultimate  constituents  of  the  food,  or  its  assim/ilation,  is  a con- 
structive process  ; it  is  in  turn  associated  with  a destructive 
one,  by  which,  from  the  protoplasm  itself  and  by  its  own  activity, 
simpler  bodies  are  produced.  The  whole  round  of  changes 
which  embraces  all  these  operations  is  called  metabolism,  the 
constructive  processes  being  grouped  together  under  the  name 
of  anabolism,  the  destructive  ones  under  that  of  catabolism. 

The  absence  of  well -differentiated  organs  set  apart  for  the 
discharge  of  these  functions  makes  it  rather  difficult  at  first  to 
appreciate  their  independence.  In  the  animal  body  such  a 
differentiation  is  easily  seen,  but  in  plants  the  cellular  structure 
is  so  prominent,  and  the  life  of  the  protoplasm  is  so  closely 
related  to  its  condition  in  the  cell,  that  attention  needs  to  be 
specially  directed  to  the  point.  Each  protoplast  is  dependent 
upon  the  contents  of  its  own  vacuole,  and  the  early  constructive 
processes  in  the  metabolism  may  take  place  in  it  side  by  side  with 
the  digestive  ones  and  at  almost  the  same  time.  True,  a certain 
division  of  labour  can  be  noted,  but  it  is  not  very  clearly  asso- 
ciated with  particular  structures.  Thus  the  leaf  is  especially 
concerned  in  the  processes  of  anabolism,  but  it  is  mainly  so  by 
virtue  of  the  chloroplasts  which  its  cells  contain.  These  pro- 
cesses can  go  on  perfectly  well  in  other  parts  than  leaves ; 
indeed,  wherever  there  are  chloroplasts  we  know  they  do.  Thus, 
though  we  associate  the  leaf  with  anabolism,  it  would  be  wrong  to 
say  that  it  is  the  organ  to  which  this  process  is  referred.  M/e  can 
say  with  greater  accuracy  that  the  chloroplctst  is  the  organ  con- 
ducting these  preliminary  anabolic  processes,  and  that  they  take 
place  wherever  the  chloroplasts  arc  found.  Their  wide  distribu- 
tion, however,  shows  us  that  there  is  not  a specially  differentiated 
member  of  the  plant  set  apart  to  be  an  organ  for  this  function. 
In  the  same  way,  a catabolic  process,  the  digestion  of  stored 
products,  goes  on  wherever  there  are  reservoirs  of  such  bodies, 
and  there,  and  there  only,  unorganised  ferments  or  enzymes  are 
found,  instead  of  being  located  in  particular  glands,  as  in  the 
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animal  body.  These  reservoirs,  we  have  already  seen,  and  shall 
see  again  later,  are  found  in  the  most  varied  regions  of  the 
plant’s  substance — regions,  moreover,  which  vary  considerably 
in  different  plants. 

Starting,  then,  with  the  intricacy  of  the  metabolic  processes 
placed  before  ns,  and  with  their  relations  to  each  other,  we  may 
begin  the  consideration  of  them  in  detail  with  an  inquiry  into 
the  |iutroductory  absorption  of  the  materials  from  which  the 
food  is  ultimately  made.  Even  here  we  meet  with  some  com- 
plexity, as  the  ordinary  green  plant  shows  marked  differences  in 
behaviour  from  its  parasitic  relation,  and  from  the  great  class 
of  fungi,  which  possess  no  chlorophyll.  It  will  be  best  to  con- 
sider first  the  ordinary  terrestrial  green  plant,  noticing  in  passing 
differences  in  behaviour  shown  by  aquatic  and  epiphytic  forms. 


CHAPTER  VI. 

THE  ABSORPTION  OF  FOOD  MATERIALS  BY  A GREEN  PLANT. 

We  have  seen  that  the  materials  which  protoplasm  is  eventually 
able  to  assimilate,  and  which,  therefore,  constitute  its  food,  are  of 
a similar  nature  to  those  deposited  in  seeds  and  other  storehouses 
of  nutriment  which  are  variously  disposed  in  its  substance.  We 
know,  further,  that  these  are  not  the  materials  which  an  ordinary 
green  plant  takes  into  itself  from  the  environment  in  which  it 
lives.  On  the  contrary,  we  know7  that  its  structure  prevents  its 
taking  in  anything  solid,  but  that  it  is  continually  absorbing 
liquid  by  means  of  its  roots.  Between  the  raw  materials  that 
can  be  so  absorbed  and  the  complex  products  which  are  needful 
for  the  nutrition  of  its  substance  there  is  a great  difference,  and 
the  manufacture  of  these  latter  from  the  raw  materials  taken  in 
constitutes  a very  important  part  of  the  metabolic  processes. 

To  ascertain  what  this  work  of  contraction  consists  of,  we 
must  find  out  what  elements  the  substance  of  the  plant  and  the 
trae  nutritive  matter  contain,  how  these  are  supplied  to  the  plant, 
and  what  work  is  done  upon  them  in  its  cells. 

As  already  noticed,  the  structure  of  the  plant  demands  that 
all  the  materials  of  a solid  character  shall  be  in  such  a form 
of  solution  that  they  can  enter  its  substance  by  means  of  the 
physical  process  of  osmosis,  modified  as  we  have  described. 
This  is  equally  true  of  gases,  of  which  there  is  considerable 
absorption  by  all  plants,  whatever  be  the  nature  of  their  habitat. 
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The  details  of  absorption  vary  to  some  extent,  however, 
according  to  the  environment  of  the  plant.  Aquatic  plants  can 
absorb  water  and  whatever  is  dissolved  in  it,  whether  of  gaseous 
or  solid  character,  by  all  parts  of  their  surface.  Those  which 
grow  with  their  roots  embedded  in  soil  and  their  shoots  exposed 
to  the  air  show  a certain  division  of  labour  in  this  respect.  The 
mineral  constituents  obtained  from  the  soil  are  taken  in  by  the 
roots  with  the  stream  of  water  ; those  of  a gaseous  nature  mainly 
find  entry  through  the  leaves  and  other  green  parts. 

If  we  examine  the  food  stuffs  described  as  being  essential,  we 
find  that  proteids  contain  carbon,  hydrogen,  oxygen,  nitrogen, 
sulphur,  and  perhaps  phosphorus.  Carbohydrates  and  fats  con- 
tain only  the  first  three  of  these  elements.  A destructive  analysis 
of  the  plant,  made  by  burning  it,  shows  that  it  contains  others 
also  ; for  after  all  the  volatile  products  of  combustion  have  been 
driven  off',  a certain  inorganic  residue  is  left,  which  is  composed 
of  several  metals  and  some  other  elements.  An  analysis  of  this 
residue,  which  is  spoken  of  as  the  ash,  will  not,  however,  tell  us 
in  what  condition  these  different  constituents  exist  in  the  living 
plant,  on  account  of  the  various  chemical  changes  which  go  on 
during  the  combustion. 

The  ash  of  plants  is  found,  when  analysed,  to  contain  always 
the  four  metals-— potassium,  magnesium,  calcium,  and  iron. 
These  are  not  present  in  the  metallic  condition,  but  in  combina- 
tion with  various  acids,  forming  nitrates,  sulphates,  chlorides, 
carbonates,  phosphates,  &c. 

.Besides  these,  various  plants  may  individually  contain  greater 
or  less  quantities  of  many  other  elements  variously  combined. 
We  find  sodium  very  generally  present;  less  frequently  so 
aluminium,  copper,  zinc,  manganese,  silicon,  bromine,  iodine, 
and  others.  Indeed,  the  composition  of  the  soil  in  which  a 
plant  grows  determines  to  a very  great  extent  what  minerals 
enter  it.  If  a substance  is  soluble  in  the  liquid  which  the  root- 
hairs  absorb,  a certain  quantity  will,  by  ordinary  physical  pro- 
cesses, be  taken  up  by  them. 

The  quantity  of  each  substance  a given  plant  will  absorb 
will  depend  upon  whether  the  plant  makes  use  of  it  in  any  way. 
If  so,  it  will  be  quickly  removed  from  the  absorbing  cell  and 
more  will  enter.  If  not,  the  cell-sap  of  the  absorbing  root-hair 
will  soon  have  taken  up  as  much  of  it  as  it  can  contain,  and  the 
absorption  of  that  particular  substance  will  cease. 

Some  of  the  materials  found  in  the  soil  are  readily  soluble  in 
the  water  which  the  soil  contains.  Such  can  enter  the  plant 


ABSORPTION  OP  POOD  MATERIALS 


411 


without  difficulty.  Others  are  soluble  only  in  water  containing 
carbon  dioxide,  and  as  considerable  quantities  of  this  gas  are 
continually  being  generated  in  the  soil,  the  water  there  is  charged 
with  it,  and  bodies,  otherwise  intractable,  are  thereby  brought 
into  solution  and  absorbed.  A third  factor  in  the  process  of 
absorptiou  is  the  acid  sap  which  the  root-hairs  contain.  Not 
only  does  this  acid  cause  water  to  enter  osmotically,  but  a little 
of  it  exudes  in  the  same  way,  and  this  has  a certain  solvent 
action  upon  the  particles  to  which  the  root-hairs  cling.  Thus 
certain  salts  can  be  absorbed,  though  soluble  neither  in  pure 
water  nor  in  water  containing  carbon  dioxide. 

The  solutions  taken  in  are  excessively  dilute.  There  is, 
however,  a certain  relation  necessary  between  the  substance  and 
the  water,  for  we  have  already  noticed  that  strong  solutions 
cannot  pass  the  lining  layer  of  protoplasm.  Every  salt  is  taken 
up  in  a certain  strength  of  solution,  or,  in  other  words,  with 
each  molecule  of  salt  there  is  a certain  invariable  quantity  of 
water  absorbed.  The  quantity  is  not  the  same,  however,  for 
each  salt. 

The  salts  which  different  plants  absorb,  in  like  manner  vary 
as  to  amount.  If  two  different  species  are  growing  in  the  same 
soil,  side  by  side,  under  exactly  the  same  conditions,  the  amounts 
of  the  several  salts  present  in  the  soil  which  are  absorbed  by  the 
two  plants  will  not  be  the  same.  In  each  case  the  quantity  will 
vary  according  to  the  use  which  the  plant  can  make  of  it. 

Conversely,  if  the  same  soil  contains  several  different  salts, 
a plant  will  not  absorb  them  in  equal  proportions,  nor  in  those 
in  which  they  exist  in  the  soil.  This  fact  admits  of  a similar 
explanation.  Again,  the  absorption  of  a salt  will  cease  as  soon 
as  the  cell-sap  contains  the  same  amount  of  it  as  the  fluid  out- 
side the  root-hair.  In  this  case  there  will  be  no  osmotic  action 
so  far  as  the  salt  is  concerned,  though  there  may  be  a continuous 
amount  of  water  entering  the  hair. 

We  have  seen  that  the  continuous  absorption  of  water  by 
the  root-hair  will  depend  upon  certain  external  conditions,  such 
as  the  temperature  of  the  soil,  the  activity  of  transpiration  at 
the  time,  &c.  These  conditions  affect  also  the  absorption  of  the 
substances  in  solution. 

The  substances  which  are  absorbed  in  this  way  by  the  roots 
are  naturally  very  varied.  The  most  important  of  them  in 
the  metabolism  of  the  plant  are  the  compounds  of  nitrogen.  In 
the  soil  these  exist  in  the  form  of  nitrates  or  nitrites  of  the 
metals  mentioned,  and  as  compounds  of  ammonia.  Green 
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plants  take  in  little  or  none  of  the  latter,  which  are,  however, 
made  available  for  their  nse  by  the  action  of  certain  bacteria 
which  the  soil  contains,  which  have  the  power  of  converting  the 
ammonia  compounds  into  nitrites  and  the  latter  into  nitrates,  in 
which  form  they  are  taken  up.  This  process  of  nitrification 
is  the  special  property  of  two  of  these  organisms,  one  of  which 
forms  nitrites  from  the  ammonia  compound,  and  the  other  forms 
nitrates  from  nitrites. 

It  is  in  this  way  that  a normal  green  plant  absorbs  all  the 
nitrogen  which  it  uses  for  the  construction  of  food  substances. 
The  nitrogen  of  the  air  is  made  use  only  of  in  very  exceptional 
cases.  Certain  lowly  Algte  seem  to  have  the  power  of  using  it, 
but  the  process  is  not  fully  understood.  A few  plants  belonging 
to  the  LeguminossB  can  also  use  atmospheric  nitrogen,  but  their 
power  depends  upon  the  association  with  their  roots  of  certain 
fungi  which  infest  the  cortical  tissues  and  develop  peculiar 
tubercular  structures  upon  the  roots.  The  actual  mode  of  absorp- 
tion in  this  case  also  is  obscure  ; the  parts  played  by  the  root 
and  the  fungus  respectively  are  not  at  all  determined. 

The  water  taken  up  is  the  main  source  of  the  hydrogen  and 
oxygen  which  are  used  in  the  anabolic  processes.  A little  of 
both  these  gases  is  taken  in  in  the  several  combinations  of  the 
metals  ; sulphates  and  phosphates  contain  both,  nitrates  and 
carbonates  contain  oxygen.  The  amount  of  them  absorbed  in 
these  forms  is,  however,  relatively  small.  The  other  elements 
mentioned  enter  the  plant  in  various  combinations  in  the  water 
stream. 

The  gases  in  solution  in  the  water  of  the  soil  also  make 
their  way  into  the  root-hairs  with  the  stream,  but  the  quantity 
is  small  compared  with  what  is  absorbed  by  the  aerial  parts. 
Tbe  gas  carbon  dioxide  which  we  have  seen  to  be  present  in 
the  earth  in  considerable  amount,  is,  however,  not  made  use  ol 
in  the  anabolic  processes.  All  of  this  particular  food  material  is 
taken  in  from  the  air.  A little  carbon  is  absorbed  in  the  form 
of  carbonates.  More  complex  organic  compounds  of  carbon  are 
taken  in  by  those  roots  with  which  fungi  are  living  symbiotically, 
such  as  the  mycorhiza  of  some  trees,  but  this  is  exceptional. 

The  absorption  of  gases  from  the  air  takes  place  in  the 
leaves  and  other  green  parts.  They  enter  freely  through  the 
stomata  and  find  their  way  thus  into  the  intercellular  spaces, 
which  are  very  numerous.  These  intercellular  spaces  contain 
a mixture  of  gases  which,  though  approximating  to  the  com- 
position of  atmospheric  air,  yet  differs  from  it  in  the  relative 
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quantities  of  the  constituents.  This  can  be  readily  understood 
from  the  consideration  that  considerable  gaseous  interchange 
goes  on  in  these  spaces  between  the  air  they  contain  and  the 
living  cells  which  abut  upon  the  spaces.  The  cell-walls  here 
are  very  delicate  and  thin,  and  are  saturated  with  water.  In 
this  water  the  different  gases  present  dissolve  according  to  their 
degree  of  solubility.  The  quantity  of  each  taken  up  depends,  as 
in  the  case  of  the  metallic  salts  just  discussed,  upon  the  ability 
of  the  cells  to  make  use  of  the  gas.  If  it  can  be  combined  in 
any  ■way  with  other  bodies  in  the  cell,  it  is  withdrawn  thus  from 
the  sap  and  room  made  for  more  to  enter.  If  not,  the  limit  of 
saturation  of  the  sap  is  soon  reached. 

Probably  little  or  no  absorption  of  gas  takes  place  through 
the  cells  of  the  epidermis,  though  they  are  freely  in  contact  with 
the  air.  Sections  show  us  that  they  are  provided  usually  with 
a cuticle,  which  resists  any  such  solution  as  is  necessary  for 
absorption. 

The  only  gas  which  is  absorbed  as  a food  material  from  the 
air  is  carbon  dioxide,  CO  ,.  This  exists  to  a very  slight  extent  in 
the  atmosphere,  only  about  four  parts  in  ten  thousand  being 
normally  present.  The  very  large  green  surface  which  an 
ordinary  terrestrial  plant  possesses  renders,  however,  a consider- 
able amount  of  absorption  possible.  If  the  general  conditions 
are  favourable,  the  absorption  is  continuous,  for  carbon  dioxide 
is  at  once  decomposed  in  the  cells  of  the  green  tissue,  and  so  a 
stream  is  always  entering. 

Both  nitrogen  and  oxygen  are  soluble  in  water,  though  to  a 
different  extent.  It  has  been  already  stated  that  the  nitrogen  so 
taken  in  is  not  used  in  the  constructive  processes,  and  accord- 
ingly but  little  is  absorbed  in  this  way.  The  oxygen  which 
enters  is  larger  in  amount ; experiments  have  proved,  however, 
that  it  is  not  a food  material,  but  is  used  for  other  pm-poses. 

The  absorption  of  carbon  dioxide  takes  place  usually  at  the 
ordinary  atmospheric  pressure  or  at  one  a little  greater.  Plants 
can,  however,  absorb  this  gas  when  it  is  present  in  much  larger 
proportion  than  it  is  in  air.  Too  much  is,  however,  possible, 
and  then  the  cells  are  unable  to  take  it  in  at  all.  The  absorption 
of  carbon  dioxide  is  possible  only  under  certain  conditions ; the 
cells  which  contain  chloroplasts  are  the  only  ones  which  can 
take  it  in  in  any  quantity,  and  they  only  when  they  are  exposed 
to  sunlight,  preferably  a bright  light,  and  when  the  plant  is 
maintained  at  an  appropriate  temperature.  Its  absorption  is 
accompanied  by  the  exhalation  of  a volume  of  oxygen,  which 
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is  equal  to  the  volume  of  carbon  dioxide  absorbed,  and  it 
is  attended  by  a continuous  increase  in  the  weight  of  the 
plant. 

We  have  seen  that  the  water  absorbed  by  the  roots  is  trans- 
ported regularly  through  the  axis  of  the  plant  until  it  reaches 
the  leaves,  in  which  after  traversing  the  cells  of  the  mesophyll 
it  is  evaporated  into  the  intercellular  spaces.  Into  these  cells 
of  the  interior  of  the  leaf  all  the  food  materials  are  thus  at 
once  transported,  both  those  entering  from  the  soil  and  those 
absorbed  from  the  air.  These  mesophyll  cells  have  generally  a 
different  arrangement  on  the  two  sides  of  the  leaf,  but  they  all 
agree  in  containing  chloroplasts.  In  these  cells  takes  place  the 
work  of  construction  of  organic  substance,  such  as  the  plant  can 
live  upon,  work  which  is  carried  out  mainly  through  the  instru- 
mentality of  the  chloroplasts. 

As  already  noticed,  various  elements  are  constantly  found  in 
plants  which  do  not  enter  into  the  composition  of  the  actual 
nutritive  substances.  The  part  that  many  of  them  play  is 
obscure ; indeed  some  of  them,  as  sodium,  seem  to  be  quite 
useless.  Some  play  a secondary  part  in  protecting  the  plant 
tissues  in  various  ways  from  destructive  influences,  some 
enter  possibly  only  as  the  medium  by  which  the  combined 
nitrogen,  sulphur,  and  phosphorus  are  absorbed.  Others, 
especially  potassium,  calcium,  magnesium,  and  iron,  have  a part 
to  play  in  enabling  the  more  important  elements  to  be  worked 
up  into  nutritive  material. 

In  the  cases  of  some  green  plants  these  processes  of  absorption 
are  supplemented  by  others.  In  several  Natural  Orders  there 
are  species  which  ai’e  semi -parasitic  in  their  mode  of  life. 
Though  they  possess  leaves,  stems,  and  roots,  they  do  not  live 
entirely  at  their  own  expense,  but  certain  of  their  roots  pene- 
trate the  tissues  of  the  roots  of  other  plants  near  which  they 
grow.  The  degree  of  this  root-parasitism  varies  a good  deal 
in  the  different  groups.  These  plants  supplement  the  processes 
we  have  just  described  by  drawing  elaborated  food  material 
from  the  host  which  they  have  attacked. 

The  pitcher  plants,  Nepenthes,  Sarracenia,  &c.,  and  the  fly- 
catching  plants,  Drosera,  Dioncea,  and  others,  can  also  absorb 
nitrogenous  material  by  the  special  mechanisms  which  they 
possess.  In  the  pitchers  of  Nepenthes,  &c.,  there  is  an  accumu- 
lation of  water  in  which  insects  are  from  time  to  time  drowned. 
Their  bodies  decay  or  are  digested,  and  the  products  of  the 
decomposition  are  absorbed  by  the  tissue  of  the  pitchers.  The 
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flies  and  other  insects  captured  by  Drosera  and  its  allies  are 
similarly  disposed  of. 


CHAPTER  VII. 

THE  CHLOROPLASTS  AND  THEIR  FUNCTION. 

We  have  seen  that  the  different  materials  out  of  which  the  food 
of  the  plant  is  constructed  are  carried  by  various  means  to  the 
cells  of  the  parenchyma  of  the  mesophyll  in  which  chloroplasts 
are  present.  The  chloroplast  is  a small  differentiated  body 
consisting  of  protoplasm  in  the  meshes  of  whose  substance  a 
green  colouring  matter,  chlorophyll,  is  contained  in  some  form 
of  solution.  Alcohol,  chloroform,  ether,  benzol,  and  other  liquids 
can  dissolve  the  chlorophyll  and  leave  the  plastid  colourless. 
Chlorophyll  is  not  soluble  in  water,  nor  can  it  be  extracted  with 
acids  or  alkalies  without  alteration. 

A solution  of  chlorophyll  in  any  of  the  liquids  mentioned 
shows  the  curious  property  of  fluorescence ; if  regarded  by 
transmitted  light  it  appears  green,  but  if  a strong  solution  is 
looked  at  by  reflected  light  it  has  a blood-red  coloration. 

If  a solution  of  chlorophyll  is  placed  in  the  path  of  a beam 
of  light  which  is  then  allowed  to  fall  upon  a prism,  the 
resulting  spectrum  is  found  to  be  modified.  Instead  of  showing 
a continuous  band  in  which  all  the  colours  are  represented,  it 
is  interrupted  by  seven  vertical  dark  spaces.  The  rays  which 
in  the  absence  of  the  solution  of  chlorophyll  would  have  occupied 
those  spaces  have  no  power  to  pass  through  it,  or,  in  other  words, 
chlorophyll  absorbs  those  particular  rays  of  light  which  are 
missing. 

In  fig.  1235  is  a representation  of  the  spectrum,  called  from 
the  facts  just  narrated  the  absorption  spectrum.  The  firsthand 
on  the  left  is  the  darkest,  and  is  found  to  be  in  the  red  part  of 
the  spectrum.  The  three  bands  on  the  right  arij  broader,  but 
not  so  well  defined.  They  cover  nearly  all  the  blue  end.  The 
three  thinner  and  lighter  bands  arc  in  the  green  and  yellow 
parts  of  the  spectrum.  Chlorophyll  therefore  has  the  power  of 
absorbing  a large  amount  of  red  rays,  a good  many  blue  and 
violet  ones,  and  a few  of  the  green  and  yellow.  The  distinctness 
with  which  the  absorption  bands  are  seen  will  depend  upon  the 
strength  of  the  solution,  the  red  and  blue  being,  however,  always 
prominent. 
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Careful  chemical  experiments  have  proved  that  chlorophyll 
is  a single  pigment,  and  not  a mixture  of  two  as  has  often  been 
stated.  It  is,  however,  very  easily  decomposed,  and  the  products 
of  its  decomposition  are  generally  found  with  it  in  the  chloro- 
plastid.  One  of  these,  Xanthophyll,  which  is  of  a bright  yellow 
colour,  is  always  extracted  with  the  chlorophyll  by  alcohol.  It 
can  be  separated  by  appropriate  treatment. 

Chlorophyll  is  formed  in  the  chloroplasts  only  when  they 
are  exposed  to  light,  except  in  one  or  two  rare  cases.  When  a 

Fig.  ] 235. 
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Fill.  1 2U5.  Absorption  spcctrn  of  chlorophyll  anil  xonthophyll.  (After  Kraus.) 

The  upper  spectrum  is  given  by  an  alcoholic  extract  of  leaves,  the  middle 
one  by  dissolving  chlorophyll  in  benzol,  and  the  lowest  by  xunthophyll. 

The  bands  In  the  least  refrangible  portion,  ti-ic,  are  figured  as  obtained 
with  a concentrated  solution  : those  in  the  most  refrangible  part  of  the 
spectrum,  v-a,  are  given  as  obtained  with  a weak  solution.  The  letters 
it-ct  indicate  the  principal  rays,  the  numbers  i-vii  the  absorption  bands 
of  chlorophyll  from  red  to  violet,  and  the  figures  0-100  divide  the  length 
of  tlic  spectrum  into  100  equal  parts.  (After  Sachs.) 

plant  is  grown  from  a seed  or  a tuber  in  the  dark,  the  resulting 
stem  and  leaves  are  not  green,  but  of  a peculiar  yellowish-white 
appearance.  Nor  can  it  be  developed  in  the  absence  of  a suit- 
able temperature.  Its  formation  has  been  found  to  depend 
upon  the  presence  of  iron  in  the  plant,  but  the  exact  relation  of 
the  iron  to  the  pigment  is  not  known  ; it  does  not  appear  to  enter 
into  the  composition  of  the  latter. 

The  construction  of  organic  substance  proceeds  in  the  cells 
of  the  mesophyll  containing  the  chloroplasts  and  supplied  with 
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the  raw  materials  in  the  way  described  in  the  last  chapter.  The 
complex  products  of  the  anabolic  process  are  at  first  mainly,  if 
not  entirely,  confined  to  two  classes,  carbohydrates,  and  some 
nitrogen-containing  compound,  probably  proteid.  Many  other 
forms  of  organic  substance  appear  in  plants,  such  as  fats  or  oils, 
glucosides,  &c.,  but  these  are  probably  all  produced  by  processes 
of  catabolism,  and  are  not  directly  constructed  from  the  simple 
bodies  absorbed. 

We  will  examine  first  the  process  of  formation  of  carbo- 
hydrates. These  consist  of  the  elements  carbon,  hydrogen,  and 
oxygen,  the  latter  two  existing  in  the  combination  in  the  same 
proportion  as  they  do  in  water.  The  source  of  the  carbon  and  the 
oxygen  is  the  carbon  dioxide  absorbed  from  the  air,  while  the 
hydrogen  is  derived  from  the  water  of  the  cell-sap.  The  process 
can  only  take  place  under  the  influence  of  light  and  while  the 
cells  are  at  an  adequate  temperature.  It  has  generally  been 
spoken  of  as  the  assimilation  of  carbon  dioxide  ; but  there  are 
objections  to  this  term,  as  the  word  assimilation  is  often  used 
to  indicate  something  entirely  different,  viz.  the  actual  appro- 
priation of  prepared  food  stuffs  by  the  living  substance.  As  the 
process  under  consideration  is  one  of  building  up  complex 
substances  from  very  simple  ones,  and  takes  place  only  under 
the  influence  of  light,  it  has  recently  been  termed  photo- 
synthesis. 

When  carbon  dioxide  is  exposed  to  the  influence  of  the  chloro- 
plast  in  the  presence  of  light  and  moderate  warmth,  it  is 
thought  to  undergo  a decomposition  which  may  be  expressed  by 
the  equation  2CO„  = 2CO  + O.,,  splitting  up  into  carbon  mon- 
oxide and  oxygen.  At  the  same  time,  water  is  decomposed, 
probably  in  the  way  denoted  by  the  equation  2H.,0  = 2H„  + 0„. 
The  two  molecules  of  oxygen  unite  and  are  exhaled,  the 
quantity  being  the  same  as  the  quantity  of  carbon  dioxide 
undergoing  decomposition.  The  two  residues,  2CO  and  2H„,  are 
then  thought  to  unite  to  form  2CH..O,  a body  known  as  formic 
aldehyde.  It  is  a property  of  the  aldehydes  to  undergo  readily 
what  is  known  as  polymerisation  or  condensation  of  several 
molecules  together.  Such  a condensation  of  formic  aldehyde 
would  lead  to  the  formation  of  sugar  thus, — 6CH,0  = C,.HjaO(. ; 
and  it  is  suggested  that  this  process  takes  place.  At  any  rate, 
sugar  is  present  in  the  mesophyll  cells  very  speedily  after 
the  absorption  of  the  carbon  dioxide  and  the  beginning  of  the 
exhalation  of  oxygen. 

These  processes  are  carried  out  by  the  chloroplast  under 
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the  conditions  set  forth.  It  is  evident  that  such  changes  as  the 
decomposition  of  carbon  dioxide  and  water  cannot  be  accom- 
plished without  a good  deal  of  energy  being  expended  upon 
them.  In  this  need  we  have  the  explanation  of  the  composite 
nature  of  the  plastid.  The  chlorophyll  absorbs  certain  of  the  rays 
of  light  that  fall  upon  it,  and  the  energy  so  acquired  is  applied 
by  the  protoplasm  of  the  plastid  to  effect  the  decompositions 
that  take  place.  Sugar  is  the  result,  though  what  kind  of 
sugar  is  first  formed  is  still  open  to  experiment.  There  is  a 
fairly  copious  and  continuous  production  of  it,  indicating,  as  in 
the  case  of  the  raw  materials  and  the  cells  which  absorb  them, 
that  there  must  be  a removal  of  it  as  it  is  formed.  Otherwise 
the  cell-sap  would  soon  be  saturated  with  sugar  and  its  formation 
would  cease.  The  quantity  which  is  in  excess  of  the  immediate 
needs  of  the  cell  may  either  be  transported  away  from  it  by 
diffusion,  or  some  of  it  may  be  converted  into  an  insoluble  form 
and  be  temporarily  deposited  in  the  cell.  The  latter  operation 
is  carried  out  by  the  plastid,  which  quickly  forms  small  granules 
of  starch  in  its  own  substance,  at  the  expense  of  some  of  this 
surplus  sugar.  The  starch  can  readily  be  detected  in  situ  by 
treating  the  leaf  with  iodine,  after  bleaching  it  by  soaking  it  in 
alcohol.  This  formation  of  starch  was  formerly  held  to  be  the 
last  stage  in  the  ordinary  anabolic  processes  ; but  as  starch  must 
be  re-converted  into  sugar  before  protoplasm  can  use  it  as  food, 
its  occurrence  is  now  held  to  be  a case  of  what  we  shall  see  is  a 
very  usual  thing  in  plants,  the  accumulation  of  food  material  in 
various  parts,  to  bo  there  held  in  reserve  till  the  plant  requires 
them. 

It  is  not  certain  that  the  process  of  construction  of  carbo- 
hydrate is  so  simple  as  what  lias  been  said  would  imply.  There 
are  many  other  chemical  compounds  in  the  cell  while  it  is  pro- 
ceeding, and  to  what  extent  they  take  part  in  the  matter  is  not 
known.  It  is  held  that  some  compound  of  potassium,  at  any 
rate,  is  concerned  in  the  process,  for  in  the  absence  of  this  metal 
sugar  does  not  appear  to  be  formed. 

The  formation  of  the  proteid  bodies  in  the  cells  is  not  at  all 
well  understood  ; indeed,  but  little  is  known  certainly  about  it. 
The  nitrates  are  absorbed  and  taken  to  themesophyll  cells.  In 
these  cells  and  in  others  about  the  plant,  bodies  occur  of  com- 
paratively simple  composition,  though  much  more  complex 
than  nitrates.  These,  which  are  known  as  ami  do- acids,  include 
asparagin,  leucin,  and  several  others.  Probably  they  are  inter- 
mediate bodies  constructed  from  the  nitrates,  though  in  many 
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cases  they  arise  from  the  decomposition  of  proteid  and  not  from 
anabolic  processes.  It  is  in  the  form  of  these  bodies  generally 
that  organic  nitrogenous  matter  travels  about  the  plant.  From 
them  most  likely  proteid  is  constructed,  compounds  of  sulphur 
and  of  phosphorus  in  the  cells  supplying  those  elements,  which, 
as  we  have  seen,  are  probably  both  in  the  molecule  of  proteid. 
Certainly  sulphur  enters  into  its  composition. 

Again  there  is  reason  to  think  that  the  carbohydrate  manu- 
facture is  associated  with  the  nitrogenous  one.  Proteid  can 
apparently  only  be  formed  by  green  plants  under  the  same  con- 
ditions as  carbohydrate,  though  we  cannot  say  that  chlorophyll 
is  directly  concerned.  If  a shoot  is  not  exposed  to  light,  there 
wdl  be  an  accumulation  of  asparagin  in  its  tissues ; the  same 
thing  will  be  observed  if  carbon  dioxide  is  excluded  from  access 
to  it.  Indeed,  if  photosynthesis  is  prevented,  proteid  material 
cannot  be  formed. 

The  proteids,  if  formed  in  the  leaves,  as  is  probably  the  case , 
are  affected  just  as  we  have  seen  the  carbohydrates  to  be.  They 
undergo  a partial  decomposition,  and  their  nitrogenous  residues 
leave  the  cells  in  the  form  of  amido-acids.  Their  further  fate 
will  be  examined  later. 

The  proteid,  which  is  the  most  complex  body  known  to  exist 
in  the  plant  with  the  exception  of  the  living  substance  itself, 
cannot  at  present  be  represented  by  any  chemical  formula. 
Analyses  of  the  purest  forms  of  it  point  to  its  percentage  com- 
position lying  within  the  following  limits  : — 


Carbon 
Oxygen  . 
Nitrogen  . 
Hydrogen 
Sulphur  . 


50-0  to  55-0 

22-8  „ 24-1 

15-0  „ 18-2 

6-8  „ 7'3 

0'4  „ 0-5 


There  are  several  classes  of  these  bodies  known,  the  differ- 
ences which  they  show  depending  chiefly  on  their  solubilities  in 
different  liquids.  The  best  known  groups  are  the  following 

1.  Albumins.  These  are  soluble  in  distilled  water,  and  if  the 
solution  be  heated  the  proteid  is  converted  into  a peculiarly 
insoluble  form,  known  as  coagulated  proteid,  and  deposited. 
Albumins  can  be  precipitated  unchanged  by  saturating  their 
solutions  with  sodio-magnesic  sulphate.  Their  coagulation 
temperature  ranges  from  70°  to  80°  C.  They  are  not  of 
common  occurrence  in  plants,  but  may  be  extracted  from 
certain  roots. 
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2.  Globulins.  These  differ  from  albumins  in  not  being  soluble 
in  distilled  water.  They  can  be  dissolved  by  adding  a little 
neutral  salt,  such  as  sodium  chloride.  Their  solutions  are 
coagulated  on  heating,  and  they  can  be  precipitated  by  satu- 
rating them  with  magnesic  sulphate.  There  are  many 
members  of  this  class,  which  differ  from  each  other  by 
varying  solubility  in  different  strengths  of  the  salt  solution. 
Their  coagulation  temperatures  vary  a good  deal,  some 
being  changed  at  about  55°  C.  and  others  not  till  about 
75°  to  80°  C. 

The  proteids  found  in  plants  chiefly  belong  to  this 
group.  They  can  readily  be  extracted  from  most  seeds. 
Probably  this  form  is  the  one  which  occurs  in  the  rneso- 
phyll  cells. 

8.  Albuminates,  or  derived  albumins.  These  are  soluble  in 
weak  acids  and  alkalies,  but  their  solutions  do  not  coagu- 
late on  boiling.  They  can  be  precipitated  by  carefully 
neutralising  the  solution. 

4.  Albumoses.  These  are  soluble  in  water,  and  do  not 
coagulate  on  heating.  Their  characteristic  reaction  is  that 
they  give  with  nitric  acid  a precipitate  which  dissolves  on 
warming  tire  liquid,  and  reappears  as  it  cools. 

5 Peptones.  These  are  much  like  albumoses,  but  do  not 
give  a precipitate  with  nitric  acid. 

The  members  of  the  last  two  groups  are  capable  of  dialysing 
through  membranes,  which  those  of  the  first  three  cannot  do. 
The  peptones  dialyse  with  far  greater  ease  than  the  albumoses. 
They  do  not  occur  very  plentifully  in  plants,  and  are  probably 
formed  in  them  only  from  the  decomposition  of  the  more  stable 
forms  of  globulin  and  albumin.  Some  of  the  albumoses  occur  in 
certain  seeds  in  association  with  some  of  the  globulins. 

By  the  action  of  peculiar  secretions  of  the  protoplasm,  be- 
longing to  the  bodies  known  as  enzymes  or  un  organised  ferments, 
the  globulins  and  albumins  can  be  decomposed,  with  formation 
successively  of  albumoses,  peptones,  and  amido-acids,  such  as 
asparagin  and  leucin. 

It  has  been  considered  by  some  botanists  that  the  sieve-tubes 
or  their  companion  cells  are  the  places  where  the  construction 
of  protcid  is  completed,  only  the  amido-acids  being  formed  in  the 
leaves.  It  is,  however,  possible  that  this  construction  is,  like 
that  of  the  deposition  of  starch  in  the  chloroplast,  rather  the 
expression  of  a temporary  deposit  of  proteid  in  those  cells  at 
the  expense  of  the  surplus  formation,  which,  not  being  needed 
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by  the  cells  of  the  mesophyll,  is  converted  into  ainido-acids  and 
so  transported  from  the  leaf.  A certain  amount  of  proteid  can 
be  extracted  from  the  living  cells  which  are  the  seat  of  the 
original  anabolic  processes. 

The  formation  of  proteids  can  be  carried  out  by  fungi,  though 
the  latter  cannot  construct  carbohydrates.  Indeed,  they  can 
commence  the  synthesis  at  a lower  stage  than  the  green  plants, 
beginning  the  construction  with  compounds  of  ammonia,  which 
have  to  be  converted  into  nitrates  before  green  plants  can 
utilise  them. 

The  importance  of  the  inorganic  salts  which  do  not  enter 
into  the  composition  of  the  living  plant-substance  is  very  im- 
perfectly understood.  Potassium  is  apparently  necessary  for 
the  construction  of  carbohydrate  matter  by  the  chloroplastids. 
It  is  generally  absorbed  in  combination  with  sulphuric,  nitric, 
and  hydrochloric  acids,  and  can  be  found  in  the  plant  in  com- 
bination with  organic  acids  such  as  tartaric,  oxalic,  and  malic. 
It  usually  occurs  in  quantity  in  places  where  starch  and  sugar 
are  stored. 

Calcium  and  magnesium  are  absorbed  in  similar  combina- 
tions, but  their  function  has  not  been  ascertained.  The  former 
appears  to  be  concerned  in  the  transport  of  carbohydrates  from 
place  to  place.  Both  are  of  service  in  neutralising  such  acids 
as  oxalic,  the  presence  of  which  in  quantity  is  deleterious.  We 
frequently  find  in  cells,  and  in  some  cell- walls,  crystals  of  oxalate 
of  calcium. 

The  importance  of  iron  has  been  pointed  out  in  connection 
with  the  action  of  the  chlorophyll. 

Most  of  the  other  elements  absorbed  seem  to  be  without 
effect  on  the  metabolic  processes. 


CHAPTER  VIII. 

RESERVE  MATERIALS,  AND  THEIR  DEPOSITION. 

We  have  seen  that  the  amount  of  food  constructed  in  the 
mesophyll  cells  from  the  crude  materials  absorbed  is  often  con- 
siderably in  excess  of  their  immediate  need.  A certain  amount 
is,  no  doubt,  used  up  at  once  by  the  living  substance  of  each 
cell,  the  assimilation  of  the  food  being  the  culmination  of  the 
anabolic  processes,  as  protoplasm  is  the  most  complex  material 
existing  in  the  plant.  The  remainder  is  otherwise  disposed  of; 
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no  doubt  a certain  quantity  is  always  retained  in  the  cell  to 
supply  the  needs  of  the  protoplasm  when  actual  construction  is 
intermitted.  Evidence  of  the  temporary  accumulation  of  a local 
reserve  store  is  afforded  by  the  occurrence  of  the  starch-grains 
which  the  chloroplast  forms  inside  its  own  substance.  A 
great  deal  of  the  manufactured  organic  matter  is,  however,  con- 
stantly leaving  the  cells  in  which  it  is  formed,  and  passing  to 
other  parts  of  the  plant.  Even  the  temporary  accumulation  of 
starch  soon  disappears  ; if  a plant,  which  has  been  vigorously 
forming  it  in  its  chloroplasts  during  a summer’s  day,  so  that 
at  evening  there  is  a great  amount  deposited  there,  is  examined 
early  next  morning,  the  leaves  are  found  to  be  devoid  of 
starch.  This  is  not  brought  about  by  its  having  been  used 
during  the  night,  for  if  the  path  of  removal  is  obliterated,  as  it 
may  be  by  severing  the  petiole,  the  leaf  is  found  as  full  as  on 
the  previous  evening. 

Evidently,  then,  the  surplus  food  manufactured  in  the 
mesophyll  is  transferred  from  the  seat  of  its  elaboration  to  other 
parts  of  the  plant.  To  bring  about  this  removal  of  the  starch  and 
inferentially  that  of  the  proteids,  a certain  alteration  of  them 
must  be  effected,  the  mechanism  of  which  will  be  discussed 
later.  The  starch  is  converted  again  into  sugar,  and  possibly 
some  of  the  sugar  may  be  further  changed,  though,  no  doubt, 
sugar  is  the  general  form  of  the  travelling  carbohydrate.  The 
sugar  which  has  not  been  transformed  into  starch  may  travel 
as  it  is,  or  some  modification  of  it,  still  a sugar,  though  of 
another  description,  may  be  formed.  That  sugar  is  readily  re- 
moved from  the  leaf  may  be  inferred  from  several  considerations. 
We  can  find  but  little  of  it  in  the  mesophyll  of  the  leaf,  though 
we  know  it  is  constantly  being  produced.  We  do  find  it,  however, 
fairly  easily  in  the  bast  of  the  fibro-vascular  bundles  of  the  leaf, 
and  if  a leaf  is  cut  off  from  the  stem  while  construction  is 
going  on,  it  can  very  soon  be  detected  in  the  mesophyll  cells  as 
well. 

Proteids  are  probably  gradually  broken  down  into  amido- 
acids,  such  as  asparagin,  which,  being  a readily  diffusible  body, 
can  pass  through  the  cell-walls. 

These  elaborated  materials,  in  their  passage  from  the  leaves, 
travel  by  the  bast  and  not  by  the  wood.  The  carbohydrates 
and  the  amido-acids  probably  go  by  the  parenchyma.  The  sieve- 
tubes  differ  from  the  latter  in  containing  a quantity  of  proteid 
material,  and  it  is  at  least  possible  that  proteid  as  such  may 
travel  bv  them.  If  so,  it  is  probably  reconstructed  in  the  sieve- 
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tube  from  the  amido-acids,  &c.,  which  are  being  transported  from 
the  mesophyll.  A certain  amount  of  carbohydrate  also  may  go 
this  way. 

That  the  stream  of  elaborated  food  is  transported  by  tissues 
external  to  the  wood  appears  clear  from  the  fact  that  if  an 
incision  be  made  round  a branch  or  trunk  of  a tree  and  a small 
ring  be  removed,  extending  inwards  as  far  as  the  wood,  the 
growing  parts  below  the  wound  dwindle  and  die,  while  those 
which  leave  the  axis  above  the  incision  become  more  luxuriant. 

Even  along  the  path  of  the  stream  we  find  the  same  ten- 
dency to  temporary  deposition  which  we  noticed  in  the  chloro- 
plasts.  When  the  progress  of  the  stream  is  checked  from  any 
cause,  we  find  a temporary  accumulation  of  starch  near  the 
point  of  stoppage,  which  disappears  when  the  flow  again  asserts 
itself. 

The  direction  which  the  food  substances  take  is  dependent 
upon  many  circumstances.  When  growth  is  active  in  any 
part,  whether  an  apical  meristem  or  a cambium  layer,  the  stream 
is  directed  towards  such  seat  of  consumption.  This  is  due  to 
a process  of  diffusion  set  up  in  consequence  of  the  removal  of 
constructive  material  from  the  stream  by  the  growing  cells,  and 
the  consequent  weakening  of  the  solution  there.  When  there  is 
more  produced  than  is  sufficient  to  supply  an  immediate  demand, 
the  surplus  is  deposited  in  some  part  or  other  of  the  plant,  to 
supply  future  needs.  There  is  thus  continually  going  on  during 
active  life  a storage  of  surplus  food  substances  in  places  which 
we  may  call  reservoirs  of  reserve  materials.  In  some  cases 
they  arc  again  very  speedily  removed,  but  in  others  they  remain 
there  for  a considerable  time. 

The  nature  of  these  reservoirs  is  very  varied.  Seeds,  tubers, 
bulbs,  corms,  fleshy  roots,  and  other  similar  structures  are  per- 
haps the  most  easily  examined.  In  seeds  the  reserve  materials 
are  deposited  for  the  support  of  the  young  embryo,  which  will 
need  them  at  the  onset  of  germination.  Tubers  will  require 
them  for  the  support  of  the  young  shoots  to  which  they  give 
rise.  Fleshy  roots  have  to  support  a vigorous  outgrowth  after 
the  expiration  of  winter.  In  the  axes  of  woody  plants  we  find 
stores  laid  up  in  sheaths  of  cells,  such  as  the  endodermis  or 
pericycle,  or  in  the  medullary  rays  existing  in  the  secondary 
wood. 

In  these  reservoirs  the  stored  substances  are  deposited 
in  an  insoluble  form,  or  at  any  rate  in  a shape  which  is  not 
suitable  for  rapid  transport.  In  most  plants  the  reserve  carbo- 
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hydrates  are  stored  in  the  form  of  starch-grains,  which  gene- 
rally differ  from  those  in  the  chloroplasts  by  their  larger  size 
and  apparent  complexity  of  composition.  They  are  formed  at 
the  expense  of  the  sugar  of  transport,  usually  by  special  bodies 
known  as  leucoplasts  from  their  white  colour.  These  bodies 
are  very  much  like  chloroplasts,  except  that  they  contain  no 
chlorophyll.  The  leucoplast  appears  to  absorb  the  sugar  and 
pour  out  starch  from  some  part  of  its  surface.  Layer  after 
layer  is  so  excreted,  till  a l’ccognisable  starch-grain  is  produced, 
which  shows  the  manner  of  its  growth  by  faint  striation  of  its 
surface,  the  striae  showing  the  limits  of  the  successive  lamellae 

Fig.  1237. 


Fig.  12;i<3.  Group  of  rod-like  leuco- 
plastids,  l,  each  hearing  a starch- 
grain,  collected  round  the  nucleus, 
m,  of  a cell  of  the  pseudo-bulb  of 
an  Orchid  (Phcijus  grandifdiius). 

x 01)0.  (After  Schimper.) Fig. 

1237.  Potato-starch  (x  250). 

Fig.  1238.  a.  Compound  ; n.  Semi- 
compound  granule  of  starch. 


laid  down.  In  some  cases  the  lamellte  are  strictly  concentric  ; 
in  others,  as  in  the  potato,  the  end  next  the  leucoplast  gradually 
becomes  broader  and  broader,  so  that  the  shape  somewhat 
resembles  that  of  an  oyster-shell.  Fig.  1236  shows  a group  of 
leucoplasts  actively  forming  starch-grains.  Fig.  1237  shows  the 
striations  of  the  complete  grain. 

Some  grains  often  found  in  the  potato  are  not  so  simple  in 
their  structure.  These  are  represented  in  figs.  1238  a and  b.  The 
former  usually  arise  by  two  or  more  originating  in  the  interior 
of  the  leucoplast ; as  they  grow  they  become  closely  pressed  to- 
gether and  constitute  a compound  grain.  Fig.  1238  b shows  what 
is  often  called  a semi-compound  grain.  In  such  a formation  the 


Fig.  1236. 
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leucoplast  produces  two  grains  on  opposite  sides,  and  as  they 
increase  they  come  into  contact.  The  leucoplast  is  so  reduced 
to  a ring  surrounding  them  at  their  point  of  union,  and  its  con- 
tinued activity  then  forms  new  layers  surrounding  the  whole. 
The  leucoplast  is  gradually  used  up  in  its  activity  and  disappears, 
leaving  the  grains  of  starch  free.  Many  variations  of  its 
behaviour  have  been  noticed  in  different  cases. 

Besides  this  formation  of  large  starch-grains  by  leucoplasts 
we  have  many  cases  in  which  the  deposition  of  starch  is  effected 
by  the  protoplasm  of  the  cell.  Such  grains  are  generally  very 
small,  and  show  no  structure.  Instances  of  their  occurrence  have 
been  already  given.  They  are  commonly  seen  in  the  interior  of 
the  plant  in  reservoirs  which  are  only  temporary. 

Carbohydrate  materials  are  deposited  in  other  forms  in 
many  plants.  The  root  of  the  beet  ( Beta  vulgaris)  contains 
large  quantities  of  cane  sugar,  as  do  the  stems  of  the  sugar- 
cane. The  bulb-leaves  of  the  onion  abound  in  grape  sugar. 
Many  fruits  contain  different  kinds  of  sugar.  Inulin  is  stored 
in  the  tubers  and  tuberous  or  fleshy  roots  of  many  of  the  Com- 
posite. Glycogen  occurs  in  the  liyplne  of  many  of  the  Fungi. 
In  many  Palms  the  carbohydrate  is  stored  in  the  shape  of  cellu- 
lose, the  walls  of  the  endosperm  of  the  seeds  being  enormously 
thickened.  The  cellulose  is  here  formed  by  the  protoplasm 
of  the  cells,  in  the  same  way  as  is  that  which  constitutes  the 
thickening  layers  of  the  cell-walls  of  the  vegetative  part  of  the 
plant. 

The  mechanism  of  the  storage  of  sugar  is  not  accurately 
known,  but  we  may  argue  from  analogy  that  it  is  brought  about 
by  the  living  substance  of  the  cells,  by  which  also,  though 
diffusible,  it  is  no  doubt  retained  within  them. 

Proteids  are  stored  similarly;  in  the  meshes  of  the  proto- 
plasm of  all  cells  there  is  a certain  accumulation  in  amorphous 
form.  In  many  seeds  they  are  deposited  in  the  form  of  grains  of 
complex  nature,  and  sometimes  of  elaborate  structure.  Grains  of 
proteid  material  are  known  as  aleurone  grains.  Sometimes  they 
are  small,  rounded  and  structureless,  as  in  the  Pea  (fig.  1239). 
In  other  seeds,  as  in  the  Castor-oil  plant,  they  are  much  larger, 
of  rounded  or  ovoid  form,  and  contain  a crystal  of  proteid  matter, 
which  often  occupies  nearly  their  whole  substance  (fig.  1240). 
This  has  been  called  a crystalloid.  There  is  in  such  cases  also  a 
small  aggregation  of  mineral  matter  which  lies  close  to  the 
crystal.  This  is  known  as  a globoid,  and  consists  of  a double 
phosphate  of  calcium  and  magnesium. 
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The  proteids  of  the  aleurone  grain  are  generally  mixtures  of 
globulins  and  albumoses,  the  latter  being  least  in  quantity.  If 
a section  of  a castor-oil  seed  from  which  the  oil  has  been 
removed,  be  irrigated  with  water,  a part  of  the  outer  substance 
of  the  grain  is  dissolved,  leaving  still  an  ovoid  body,  in  which 
the  crystal,  or  crystalloid,  can  he  seen.  The  part  dissolved 
consists  of  the  albumose,  which  is  soluble  in  water.  If  the 
section  be  then  irrigated  with  a 10  per  cent,  solution  of  common 
salt,  the  body  of  the  grain  dissolves.  This  is  composed  of  a 
particular  globulin.  The  crystalloid  will  dissolve  • if  it  be 
treated  with  a saturated  solution  of  the  same  salt,  showing  it  to 
be  made  up  of  another  globulin. 


Fig.  1239. 


Fig.  1240. 


Fig.  12:1!).  fells  ol'  a very  thin  section  through  a cotyledon  of  flic  embryo  in 
a ripe  seed  of  the  common  I’ea  (1‘isum  sativum),  a,  a.  Aleurone  grains. 

st.  Starch  granules,  i,  i.  Intercellular  spaces.  (After  Sachs.) Fig.  1240. 

Cell  from  the  endosperm  or  albumen  of  the  seed  of  the  Oastor-oii  plant 
( Ricinus  communis)  In  dilute  glycerine,  showing  large  transparent  proteid 
or  aleurone  grains,  with  crystalloids  and  globoids  embedded  in  them. 
(After  Sachs.) 


Other  aleurone  grains  show  other  peculiarities  of  solubility, 
but  probably  no  other  kind  of  proteid  is  usually  present.  Some, 
however,  are  thought  to  be  composed  of  albuminates,  as  they 
dissolve  only  in  potassic  or  sodic  hydrate,  or  other  alkalies. 

The  aleurone  grains  are  frequently  associated  in  the  cells 
of  the  seed  with  either  starch  or  oil.  Occasionally  both  these 
compounds  are  present. 

In  other  cases  the  reserves  of  proteid  are  crystalline  in 
structure.  Crystals  of  this  character  are  easily  found  in  the 
tuber  of  the -potato,  lying  in  the  cells  very  near  the  epidermis. 
They  are  also  met  with  in  the  thallus  of  certain  seaweeds. 
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Many  of  them  can  be  made  to  crystallise  from  the  solvents 
which  are  used  to  extract  them. 

The  mode  of  formation  of  these  aleurone  grains  is  still  not 
certainly  known.  Some  authors  regard  them  as  deposited  by 
a process  something  like  crystallisation  following  the  abstraction 
of  water  from  the  cell.  Others  have  described  their  formation 
as  one  of  secretion  by  the  protoplasm.  The  latter  view  seems 
the  more  probable  one. 

Fats  or  oils  occur  copiously  in  certain  seeds,  such  as  those 
of  the  Castor-oil  plant  ( Bicinus  communis),  the  Brazil-nut 
(Bertliolletia  excelsa)  and  others.  They  are  found  also  in  the 
cells  of  the  floral  leaves  of  many  plants,  and  in  many  fruits. 
They  are  probably  formed  by  the  protoplasm,  originating  in 
small  droplets  in  its  meshes,  which  as  the  fat  accumulates  run 
together,  till  the  cell  is  saturated  with  it.  In  some  plants 
certain  plastids  have  been  described  as  forming  oil,  much  as  the 
leucoplasts  do  the  starch-grains.  These  bodies  have  been  called 
elaioplasts. 

Other  reserve  materials  are  known  which  are  not  so  wide- 
spread as  those  already  described.  Such  are  the  glucosides 
found  in  many  of  the  Rosace®,  the  Crucifer®,  and  allied  orders. 
These  are  bodies  which  when  decomposed  give  rise  to  a sugar, 
and  various  other  bodies  usually  belonging  to  the  so-called 
aromatic  compounds.  Amygdalin,  found  in  the  Cherry  Laurel 
( Primus  Laurocerasus),  may  be  mentioned  as  an  example. 
When  split  up  by  chemical  means,  it  gives  rise  to  sugar, 
benzoic  aldehyde,  and  hydrocyanic  acid. 

All  these  bodies,  when  acted  upon  by  a process  analogous  to 
the  digestion  known  in  the  animal  kingdom,  are  converted  into 
materials  which  can  directly  nourish  the  living  substance,  or 
can  be  transported  easily  about  the  plant  in  a condition  of  which 
the  latter  can  readily  take  advantage,  needing  indeed  very  little 
constructive  change  to  fit  it  for  actual  assimilation. 


CHARTER  IX. 

DIGESTION  OF  RESERVE  MATERIALS. 

We  have  noticed  in  following  the  deposition  of  reserve  materials 
that  their  permanent  form  differs  from  that  which  they  assume 
for  purposes  of  transport.  They  are  generally  insoluble,  and  almost 
always  indiffusible,  whereas  they  travel  in  the  form  of  soluble. 
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diffusible  bodies.  The  removal  of  them  from  the  seats  of  storage 
takes  place  at  times  dependent  on  the  resumption  of  activity  of 
growth  or  development ; and  as  this  removal  is  dependent  upon 
the  same  methods  of  transport,  they  must  undergo  a' process 
which,  from  analogy  with  similar  processes  in  the  animal  body, 
may  be  described  as  digestion.  They  must,  after  such  treatment, 
be  presented  to  the  protoplasm  of  the  growing  cells  in  much  the 
same  form  or  condition  as  that  in  which  they  were  first  con- 
structed from  the  simple  bodies  absorbed. 

There  is  no  special  region  in  the  plant  where  digestion  takes 
place.  It  may  be  looked  for  in  any  cell  in  which  any  form  of 
reserve  material  is  deposited. 

We  have  seen  again  that  in  a few  rare  cases  nitrogenous 
material  is  absorbed  into  the  plant  body  through  certain  leaves 
or  modified  foliar  organs.  The  insectivorous  plants  are 
materially  assisted  in  their  growth  by  capturing  and  digesting 
various  insects.  Drosera  does  this  by  means  of  its  sticky  leaves, 
which  are  furnished  with  peculiar  outgrowths,  which  bend  over 
and  imprison  any  small  insect  which  alights  upon  them.  The 
leaf  is  covered  with  a sticky  or  glutinous  secretion,  which  is 
poured  out  from  these  so-called  tentacles,  and  the  insect  becomes 
entangled  therein.  The  tentacles  then  close  over  the  insect  and 
emit  a fluid  which  has  the  property  of  digesting  the  dead  bodies  so 
imprisoned,  rendering  the  nitrogenous  matters  capable  of  absorp- 
tion by  the  leaf  tissue.  Dioncea  imprisons  any  insect  visitors 
by  a different  mechanism,  and  digests  them  by  a similar  secre- 
tion. Many  other  plants  have  the  same  power.  Some  plants, 
such  as  Nepenthes  and  Sarracenia,  are  furnished  with  large 
pitchers,  which  are  modified  leaves.  These  contain  a watery 
fluid,  and  insects  falling  into  the  liquid  are  drowned.  Their 
bodies  become  decomposed  cither  by  the  aid  of  a secretion 
from  glands  in  the  leaf,  or  by  the  action  of  bacteria,  and  the 
pitehcr  absorbs  into  its  tissues  the  nitrogenous  products  of  the 
decomposition. 

We  have,  then,  to  inquire  how  these  processes  of  digestion, 
whether  internal  or  external,  are  brought  about. 

The  protoplasm,  among  its  many  properties,  no  doubt  has 
the  power  of  setting  up  these  decompositions,  and  probably  in 
many  of  the  lowest  forms  the  work  is  altogether  effected  by  its 
instrumentality.  Indeed,  in  every  cell  of  a complex  plant  the 
living  substance  is  in  a constant  state  of  change,  initiating  many 
decompositions  in  which  its  own  substance  takes  part,  and  many 
others  into  which  it  does  not  enter  itself. 
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Though  all  protoplasm  has  this  power,  it  is  not  usual  in 
plants,  any  more  than  in  animals,  to  find  it  exclusively  relying 
on  it.  Usually  the  work  is  done  by  peculiar  bodies  which  it 
forms  or  secretes  for  the  purpose.  We  have  in  plants  a large 
number  of  these  secretions,  which  are  known  as  enzymes  or 
it  norganised  ferments. 

The  action  of  these  bodies  is  not  at  all  completely  under- 
stood. They  appear  to  take  no  part  in  the  composition  of  the 
bodies  which  are  formed  by  their  activity,  and  they  seem 
capable  of  carrying  out  an  almost  indefinite  amount  of  such 
work,  without  being  used  up  in  the  process.  They  are  inactive 
at  a very  low  temperature,  but  effect  their  decompositions  freely 
at  the  ordinary  temperature  of  the  plant.  As  the  temperature 
rises  their  activity  increases  up  to  a certain  point,  which  varies 
slightly  for  each  enzyme,  and  is  called  its  optimum  point.  It 
usually  ranges  between  30°  and  45°  C.  If  the  temperature  be 
raised  above  that  point,  the  enzymes  become  less  and  less  active 
as  it  rises,  and  at  about  70°  C.  the,)'  are  destroyed.  They  work 
best  in  darkness  or  very  subdued  light ; if  exposed  to  bright 
sunshine  they  are  gradually  decomposed.  They  are  often  in- 
juriously  affected  by  neutral  salts,  alkalies,  or  acids. 

The  enzymes  are  manufactured  by  the  protoplasm  of  the 
various  cells  in  which  they  occur,  being  produced  from  its  own 
substance,  in  a manner  somewhat  similar  to  that  of  the  forma- 
tion of  the  cell- wall.  Usually  their  presence  is  manifested  by 
a marked  granularity  of  the  protoplasm,  due  to  the  formation  in 
it  of  an  antecedent  substance,  known  as  a zymogen,  which  is 
readily  converted  into  the  enzyme. 

We  find  various  degrees  of  completeness  of  differentiation  of 
the  cells  which  produce  these  enzymes.  In  the  simplest  cases, 
such  as  the  mesophyll  of  the  leaves  of  most  plants,  or  the  seeds 
of  plants  belonging  to  many  Natural  Orders,  or  the  tubers  of 
the  potato,  the  enzyme  is  found  in  all  the  cells  which  contain 
the  reserve  materials,  so  that  an  active  transformation  of  the 
latter  is  readily  possible.  In  the  horse-radish  and  many  allied 
plants,  the  cells  which  form  the  enzyme  do  not  themselves  con- 
tain any  reserve  materials,  but  are  situated  among  those  which 
do,  giving  us  as  it  were  the  starting-point  of  glands  proper,  whose 
special  function  it  is  to  secrete  these  ferments.  In  some  of  the 
plants  belonging  to  the  Natural  Orders  Capparidacece  and 
Tropceolacece  the  glandular  cell  divides  several  times  to  form  a 
littlejnass  or  nodule  of  secreting  cells,  which  must  be  regarded 
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as  a rudimentary  gland,  though  it  is  not  provided  with  any 
definite  outlet  or  duct. 

In  the  seed  of  many  grasses  where  there  is  a special  organ, 
the  scutellum , to  effect  the  absorption  of  the  nutritive  material 
of  the  endosperm  and  supply  it  to  the  growing  embryo,  the 
outer  layer  of  cells  of  this  organ,  called  its  epithelium,  is  a 
very  marked  secreting  structure,  producing  at  least  two  enzymes, 
which  it  discharges  into  the  endosperm  to  effect  the  decompo- 
sitions that  must  precede  absorption.  The  tentacles  of  Drosera, 
to  which  allusion  has  already  been  made,  secrete  an  enzyme, 
which,  along  with  a weak  acid,  is  present  in  the  glairy  matter 
that  they  pour  out  over  the  captured  insect.  These  tentacles 
and  the  secreting  structures  of  the  leaves  of  Dioncea  and  other 
plants,  and  certain  similar  bodies  in  the  pitcher  of  Nepenthes, 
must  be  regarded  as  actual  glands,  comparable  to  those  of  the 
animal  body,  though  less  complex  in  structure.  Glandular 
hairs,  which  consist  of  a few  cells  situated  on  a stalk,  are  found 
in  great  numbers  on  other  plants,  especially  some  species  of 
Saxifrarja . 

There  are  many  of  these  enzymes  present  in  different  plants, 
the  function  of  some  of  which  is  still  not  understood.  Many, 
however,  have  been  investigated  with  some  completeness.  They 
are  usually  classified,  according  to  the  materials  on  which  they 
work,  into  four  groups,  viz.  those  which  decompose  respectively 
carbohydrates,  proteids,  glucosides,  and  fats  or  oils.  In  nearly 
every  case  the  action  is  one  of  hydration,  the  body  acted  upon 
being  generally  made  to  take  up  water,  and  to  undergo  a subse- 
quent decomposition. 

Of  those  which  act  upon  carbohydrates  we  have  two  varieties 
of  diastase,  which  convert  starch  into  maltose  ; inulasc,  which 
forms  another  sugar,  levulose,  from  inulin  ; invertase,  which 
converts  cane  sugar  into  dextrose  and  levulose  ; ylucase,  which 
produces  grape  sugar  from  maltose ; cytase,  which  hydrolyses 
cellulose  ; and  peetase,  which  forms  vegetable  jelly  from  pectic 
substance  occurring  in  the  cell-wall.  Of  the  second  group  pepsin 
and  trypsin  convert  albumins  and  globulins  into  peptones,  the 
latter  decomposing  peptone  into  amido-acids.  Rennet  is  pro- 
bably a member  of  this  group,  but  its  function  in  vegetable 
metabolism  is  unknown.  It  possesses  the  power  of  clotting 
milk.  The  enzymes  acting  upon  glucosides  are  many  ; the  best 
known  are  emulsin,  myrosin,  erythrozym,  and  rharrmase.  The 
fourth  class  has  only  one  member  which  has  been  investigated 
at  present,  the  glyceride  enzyme  that  decomposes  castor  oil. 
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Diastase  appears  to  exist  in  two  varieties,  distinguished  from 
each  other  by  their  mode  of  action  on  the  starch-grain.  One 
called  diastase  of  translocation,  dissolves  the  grain  slowly  from 
without  inwards ; the  other,  diastase  of  secretion,  disintegrates 
it  by  a process  of  corrosion  before  dissolving  it.  The  first  of 
these  varieties  has  a very  wide  distribution  in  plants,  being- 
present  almost  everywhere.  The  second  is  the  body  formed  by 
the  glandular  epithelium  of  the  scutellum  of  the  grasses. 

The  great  function  of  diastase  in  the  plant  is  to  transform 
starch  (and  probably  glycogen  where  it  occurs)  into  maltose,  or 
malt  sugar.  Wherever  starch  is  formed,  whether  in  the  living 
leaf  or  in  the  reservoir  set  apart  for  storage,  it  must  be  regarded 
as  a reserve  material.  It  has  a rather  large  molecule,  but 
its  exact  formula  is  not  thoroughly  known.  The  formula 
n (C„H10O5)  is  taken  to  represent  it,  and  the  value  of  n is 
probably  large.  The  starch  molecule  is  possibly  composed  of  four 
amylin  or  dextrin-like  groups,  arranged  about  a fifth.  It  has 
been  suggested  that  the  first  action  of  the  diastase  is  the  libera- 
tion of  them  from  each  other  ; and  that  four  of  them,  by  succes- 
sive incorporation  of  water,  are  converted  through  a series  of 
malto-dextrins  into  maltose,  while  the  fifth  withstands  the  action 
of  the  enzyme  for  a considerable  time.  After  the  enzyme  has 
been  acting  for  a short  time  the  resulting  product  is  found  to  be 
four  parts  maltose  and  one  part  dextrin.  How  far  this  series  of 
decompositions  represents  what  takes  place  in  the  plant  is  un- 
certain, but  it  is  clear  that  the  starch,  which  is  insoluble,  is 
converted  into  sugar,  which  can  be  removed  to  the  part  of  the 
plant  where  it  is  required  for  building  up  the  protoplasm. 

Inulase  occurs  only  in  the  tubers  and  roots  of  some  of  the 
Composites,  where  inulin  is  abundant.  It  appears  to  convert 
inulin  into  levulose,  an  intermediate  body  being  formed  in  the 
process.  Invertase  is  easily  extracted  from  the  Yeast  plant,  in 
which  it  is  abundant.  In  flowering  plants  it  has  been  found  in 
the  seeds,  buds  and  leaves,  and  pollen  grains.  In  other  fungi 
than  Saccharomyces  it  occurs  in  Fusarum  and  Aspergillus, 
besides  many  bacteria.  Its  action  is  the  hydrolysis  of  cane 
sugar  with  the  formation  of  dextrose  and  levulose,  according  to 
the  equation 

C,,H,,0, , + H,0  = 0,^,0,.  + C,. IT 

Cane  sugar.  Dextrose.  Levulose. 

Glucaso  occurs  in  the  seed  of  the  Maize,  Tt  converts 
maltose  into  dextrose. 
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Cytase  is  chiefly  known  in  the  germinating  grain  of  the 
barley,  where  it  is  secreted  by  the  scutellum  and  by  a layer  of 
cells  immediately  under  the  testa.  It  dissolves  the  Avails  of  the 
cells  of  the  endosperm,  setting  them  free  and  giving  a curious 
mealy  character  to  the  grain.  Its  presence  has  been  detected  in 
the  Palms,  where  large  reserves  of  cellulose  are  found  in  the 
hard  endosperm  Avails.  The  embryo  dissolves  these  Avails  and 
absorbs  their  products,  the  exact  nature  of  Avhich  however  is  not 
at  present  known.  Cytase  abounds  in  certain  Fungi  belonging 
to  the  genus  Botrytis. 

Pectase  is  but  little  known,  audits  function  is  not  very  clear. 
It  is  recognised  by  its  poAver  of  forming  vegetable  jelly  from  the 
pectic  bodies  of  the  cell-Avall.  This  jelly  appears  to  be  a com- 
pound of  pectic  acid  with  calcium. 

The  proteolytic  enzymes  pepsin  and  trypsin  appear  both  to 
be  represented  in  plants,  though  to  what  extent  the  former  exists 
is  somewhat  uncertain.  It  is  the  enzyme  which  is  found  in  the 
insectivorous  plants  Drosera,  Dioncea,  and  others,  and  it  con- 
verts the  native  proteids  of  the  insect’s  body  into  peptones,  which 
are  absorbed  by  the  leaf.  It  only  acts  in  the  presence  of  a Aveak 
acid  and  is  only  formed  by  the  plant  when  the  gland  has  been 
stimulated  by  the  absorption  of  nitrogenous  matter.  Trypsin 
has  a much  Avider  distribution,  being  known  to  exist  in  the  fruits 
of  the  Papau  ( Carica  Papaya ),  the  Fig,  a variety  of  the  Melon 
iCticumis  utili88vniU8 ),  and  the  Pine-apple  (Ananassa  sativa), 
also  in  many  seeds,  such  as  those  of  the  Hemp,  Flax,  Barley, 
and  Lupin.  In  the  latter  structures  it  is  of  especial  value  in  the 
processes  of  germination,  feeding  the  young  seedling  Avith  nutri- 
tive proteid  or  nitrogenous  matter  until  the  time  when  it  is  able 
to  begin  the  constructive  processes. 

It  acts  upon  insoluble  proteids,  forming  from  them  albumoses, 
peptones,  and  amido-acids,  such  as  lcucin,  tyrosin,  and  aspa- 
ragin.  The  medium  in  which  it  works  varies  according  to  the 
source  of  the  enzyme  ; that  prepared  from  the  Papau  requires  a 
slightly  alkaline  one,  that  from  the  Lupin  works  best  in  a weak 
acid.  These  tryptic  ferments,  no  doubt,  bring  about  hydrolysis 
of  the  proteid,  though  it  is  difficult  to  prove  it  by  analysis.  • 

Whether  rennet  is  proteolytic  it  is  difficult  to  say.  In  the 
animal  body  it  effects  a decomposition  of  one  of  the  proteids  of 
milk,  but  the  Avork  it  does  in  the  plant  has  still  to  be  ascertained. 
It  has  a very  Avide  distribution,  existing  in  the  fruits,  floAvers, 
seeds,  and  shoots  of  various  plants. 

The  enzymes  which  decompose  glucosides  are  numerous,  and 
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arc  varied  in  their  distribution.  A typical  one  is  the  emulsin 
of  the  bitter  Almond  and  Cherry  Laurel,  which  splits  up  the 
glucoside  Amyydalin  according  to  the  equation 


This  is,  as  in  other  cases,  a process  of  hydrolysis.  This  enzyme 
acts  also  on  other  glucosides.  Myrosin,  another  of  the  group, 
is  peculiar  in  that  it  effects  its  decomposition  without  apparently 
causing  the  incorporation  of  water  in  the  process  ; thus : 


Others,  such  as  rhainnasc,  existing  in  the  seeds  of  liliamnus 
infectorius,  erythrozym  in  the  Madder,  act  similarly  to  emulsin 
on  various  glucosides. 

The  digestion  of  the  glucosides,  we  may  notice,  is  always 
accompanied  by  the  formation  of  sugar,  which  is  one  of  the 
products  of  then-  decomposition.  The  fate  of  the  other  bodies 
into  which  they  split  is  not  well  ascertained,  though  there  is 
some  evidence  that  cyanogen  compounds,  even  such  as  hydro- 
cyanic or  prussic  acid,  are  used  for  nutritive  purposes  by  certain 
plants. 

The  digestion  of  fat  or  oil  has  not  been  very  fully  investi- 
gated, though  certain  facts  are  known  concerning  its  fate  in 
germinating  seeds.  The  digestioir  is  generally  accompanied  by 
the  production  of  starch-grains  in  cells  near  the  seat  of  diges- 
tion, and  it  was  formerly  considered  that  the  starch  arose 
directly  from  the  oil.  It  appears  now  that  the  oil  is  split  up 
by  an  enzyme,  with  the  formation  of  a free  fatty  acid  and 
glycerine.  The  fatty  acid  undergoes  further  decomposition, 
being  probably  oxidised  into  simpler  acid  bodies  which  are 
crystalline  instead  of  being  viscid  like  the  fatty  acid  first 
liberated.  These  pass  into  the  general  body  of  the  seedling. 
The  glycerine  in  its  turn  is  possibly  converted  into  some  form 
of  sugar,  from  which  the  plastids  of  the  seedling  construct  the 
starch  which  has  been  referred  to,  its  formation  indicating,  as 
in  other  cases,  a temporary  surplus  of  carbohydrate  supplies. 

Recently  another  class  of  enzymes  has  been  discovered, 
which  are  instrumental  in  carrying  out  many  of  the  processes 
of  oxidation.  These  have  been  consequently  called  oxidases. 

There  arc  other  enzymes  with  a more  restricted  distribution 
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C0H.COH  + HON  + 2(CuH120,;) 


Amygdalin.  Water. 


Benzoic  aldehyde.  Pmsaie  acid.  Sugar. 
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about  whose  value  to  the  plant  little  or  nothing  is  at  present 
known.  The  cells  of  a particular  micro-organism,  known  as 
Torula  TJrece,  decompose  urea  with  the  formation  of  ammonium 
carbonate,  and  an  enzyme  having  the  same  power  can  be  extracted 
from  them.  Many  enzymes  can  be  prepared  from  bacteria, 
which  set  up  various  changes  in  proteids,  partly  peptonising 
and  partly  putrefactive. 

The  production  of  alcohol  from  sugar,  which  is  so  characteris- 
tic of  the  metabolism  of  the  yeast  cell,  has  recently  been  shown 
to  be  due  to  the  action  of  an  enzyme  which  has  been  called 
zymase.  This  body  exists  not  only  in  the  cells  of  the  yeast 
plant,  but  in  those  of  many  ripe  fruits.  Probably  its  distribution 
will  be  found  to  be  more  extensive  than  is  generally  supposed. 

The  fermentative  activity  of  the  protoplasm  was  alluded 
to  at  the  opening  of  this  chapter.  It  leads  to  the  formation  of 
acetic  acid  from  alcohol  by  the  fungus  Mycoderma  aceti,  and  of 
other  acids  in  the  cells  of  the  higher  plants.  The  dependence 
of  these  fermentations  upon  the  vital  activity  of  the  protoplasm 
is  evident  from  the  fact  that  no  enzyme  can  be  extracted  from 
any  of  these  cells  which  can  set  up  the  particular  changes  in 
question. 

It  is  not  difficult  to  prepare  the  enzymes  from  the  tissues  in 
which  they  work,  but  it  would  be  extremely  rash  to  say  that 
they  arc  in  anything  like  a pure  condition  when  obtained.  Nor 
is  it  easy  to  say  much  about  their  purification,  as  they  are  not 
known  except  in  close  connection  with  the  substances  on  which 
they  act,  or  with  the  products  of  the  decompositions  they  initiate. 
There  is,  therefore,  no  criterion  of  their  purity. 

They  can  be  extracted  by  treating  the  tissue,  which  should 
be  very  finely  divided  or  ground  in  a mortar,  with  glycerine  or 
with  solution  of  common  salt,  or  with  water  containing  a trace 
of  an  antiseptic.  After  a period  of  ten  or  twelve  hours  the 
extract  should  be  strained  and  subsequently  filtered,  when  the 
enzyme  may  be  precipitated  by  strong  alcohol.  It  is  very 
evident  that  this  will  not  yield  it  pure,  for  the  solvents  em- 
ployed will  dissolve  many  constituents  of  the  tissue  besides  the 
enzymes,  particularly  proteids  and  sugars.  The  former  will  be 
thrown  down  with  the  enzyme  by  the  alcohol. 

The  actual  incorporation  of  the  food  into  the  living 
substance,  or  the  renewal  and  construction  of  the  protoplasm  at 
the  expense  of  the  food,  is  not  at  present  understood. 


485 


CHAPTER  X. 

THE  CATABOLIC  PROCESSES. 

We  have  seen  that  the  object  of  all  the  processes  of  construc- 
tion and  digestion  that  we  have  examined  so  far  has  been  to 
present  to  the  protoplasm  materials  which  it  can  incorporate 
into  its  own  substance.  The  bodies  which  we  have  traced  to  it 
consist,  in  far  the  greatest  part,  of  some  form  of  sugar  and  of 
organic  nitrogenous  bodies,  either  proteids  or  the  complex  pro- 
ducts of  their  decomposition,  such  as  the  amido-acids.  The 
protoplasm  of  the  cell  is  continually  reconstructing  itself  at  the 
expense  of  such  nutritive  substances,  which  indeed  constitute 
its  food  in  the  strict  sense  of  the  term.  But  there  is  also 
going  on,  side  by  side  with  this  process  of  reconstruction,  a 
decomposition  of  the  substance  of  the  protoplasm,  involving  a 
splitting  off  from  its  complex  molecule  of  various  bodies  of 
great  variety  but  of  less  complexity  than  the  living  substance 
itself.  These  often,  in  the  first  instance,  include  such  carbo- 
hydrate and  nitrogenous  residues  as  it  made  use  of  in  building 
itself  up.  These  can  again  be  used  in  reconstruction  of  the 
protoplasm  or  can  be  further  broken  down  into  simpler  bodies 
still.  So  long  as  the  protoplasm  is  living,  it  is  constantly  in  a 
state  of  change  or  chemical  activity,  undergoing  reconstruction 
and  decomposition  continually. 

Besides  this  power  of  initiating  chemical  changes  in  which 
it  takes  itself  a prominent  part,  it  is  also  the  seat  of  a large 
number  of  processes  of  both  oxidation  and  reduction  which  are 
always  going  on  in  its  meshes  at  the  expense  of  the  various 
materials  which  are  found  there,  either  from  being  transported 
from  other  cells  or  from  being  formed  in  the  processes  of  the 
self-decomposition  of  the  protoplasm. 

The  formation  of  simpler  from  more  complex  bodies  by 
either  of  these  methods  constitutes  what  has  been  called  the 
catabolism  of  the  plants.  It  may  sometimes  go  on  to  the 
extent  of  producing  such  simple  bodies  as  carbon  dioxide  and 
water,  which  are  given  off  from  the  organism.  In  most  cases, 
however,  the  catabolic  changes  are  not  so  far-reaching,  and 
there  remains  in  the  plant  a great  accumulation  of  organic  sub- 
stance such  as  woody  or  corky  tissue.  The  relatively  small 
extent  of  the  catabolism  as  compared  with  the  anabolism  finds 
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its  expression  in  tire  enormous  bulk  which  many  trees  and  other 
plants  attain. 

Some  of  these  processes  of  catabolism  or,  as  it  is  some- 
times called,  destructive  metabolism , are  directly  applied  to  the 
production  of  substances  which  are  of  great  use  to  the  plant. 
The  formation  in  this  way  of  materials  which  are  of  value  to 
the  orgapism  is  generally  called  secretion.  In  other  cases 
bodies  are  produced  which  are  of  no  value  to  the  plant  and 
which  are  as  far  as  possible  withdrawn  from  the  spheres  of 
vital  activity.  Comparatively  few  of  them  are  ever  thrown  off 
from  the  plant,  but  they  are  generally  deposited  in  such  regions 
as  leaves  which  are  about  to  be  shed,  or  the  bark  of  trees, 
which  is  a collection  mainly  of  dead  matter,  or  sometimes  in 
special  cells,  or  in  cell -walls,  or  elsewhere.  These  bodies 
really  correspond  to  excreta,  and  the  processes  of  their  formation 
are  called  processes  of  excretion.  Many  others  occur  whose 
meaning  is  still  obscure,  and  these  constitute  what  are  often 
called  the  bye-products  of  metabolism. 

Of  the  processes  of  secretion  the  most  prominent  perhaps 
is  that  of  the  formation  of  cell-walls.  We  have  seen  that  in 
the  division  of  a cell  in  any  of  the  higher  plants  the  nucleus 
divides  by  a series  of  complicated  movements,  and  forms  two 
daughter  nuclei,  which  arc  at  first  connected  together  by  a 
structure  called  the  spindle.  Along  the  fibrils  of  this  spindle 
minute  particles  or  granules,  originating  in  the  protoplasm, 
pass  to  form  a plate  of  extreme  tenuity  across  the  cell  midway 
between  the  two  new  nuclei.  This  plate  soon  undergoes  a 
transformation  into  the  ordinary  cellulose  of  the  plant.  The 
cell-wall  is  thus  seen  to  be  formed  from  the  protoplasm,  or  to  be 
secreted  by  it,  the  granules  of  which  it  is  at  first  composed 
being  the  result  of  decomposition  set  up  in  the  living  substance. 

When  cell-walls  are  growing  in  thickness  or  in  surface,  a 
similar  decomposition  of  the  protoplasm  can  be  observed.  Fresh 
granules  can  be  seen  to  be  deposited  by  the  latter  upon  the 
surface  of  the  original  cell-wall,  which  are  soon  transformed  into 
the  first  thickening  layer  of  cellulose.  In  all  cases,  there- 
fore, the  formation  of  cellulose  can  be  traced  to  the  self-decom- 
position of  the  protoplasm. 

A very  similar  phenomenon  is  observable  in  the  formation 
of  starch-grains.  In  most  cases  this  is  brought  about  by  the 
activity  of  a plastid,  either  a chloroplast  or  a leucoplast.  We 
have  seen  that  these  structures  may  be  regarded  as  specially 
differentiated  protoplasmic  bodies,  and  their  mode  of  behaviour 
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has  been  described.  Building  themselves  up  at  the  expense 
of  sugar  and  probably  nitrogenous  residues  remaining  in  the 
meshes  of  their  substance,  they  break  down  to  a certain  extent, 
splitting  off  a quantity  of  starch  which  is  poured  out  by  the 
leucoplasts  or  deposited  in  their  interior  by  the  chloroplasts, 
leading  to  the  appearances  already  described.  The  formation 
of  starch  is  thus  a secretion  by  the  plastid,  just  as  that  of 
cellulose  is  a secretion  by  the  protoplasm  of  the  cell.  In  those 
cases  where  small  grains  of  starch  are  formed  without  the  inter- 
vention of  a plastid,  the  work  is  done  by  the  protoplasm  of  the 
cell. 

The  most  recent  researches  render  it  highly  probable  that 
the  formation  of  aleurone  grains  is  precisely  similar  in  the  way 
in  which  it  is  brought  about. 

The  formation  of  fat  is  due  to  similar  behaviour  on  the 
part  of  the  protoplasm.  It  can  be  observed  most  easily  in  the 
case  of  certain  Fungi,  when  they  are  not  well  nourished.  The 
protoplasm  is  found  to  get  less  in  amount,  the  vacuolation 
becomes  very  considerable,  and  the  cavities  are  found  to  contain 
large  drops  of  oil.  The  elaioplasts  to  which  reference  has 
been  made  behave  similarly,  their  substance  diminishing  at 
the  same  time  that  fat  or  oil  makes  its  appearance.  The  de- 
composition of  the  protoplasm  is  here  not  accompanied  by 
much  reconstruction,  so  that  it  is  soon  very  greatly  diminished 
in  amount,  while  the  fat,  the  product  of  the  catabolic  processes, 
increases. 

The  formation  of  the  enzymes  described  in  the  last  chapter 
is  another  instance  of  the  same  kind.  These  are  gradually 
elaborated  by  the  protoplasm  from  its  own  substance,  their 
development  being  attended  by  the  formation  of  granules  much 
as  is  that  of  cellulose. 

One  of  the  most  important  of  these  secretions  is  the  green 
colouring  matter,  Chlorophyll,  which  we  have  already  seen  is 
present  in  the  form  of  a solution  in  the  meshes  of  the  chloro- 
plasts. The  formation  of  chlorophyll  is  a more  specialised  pro- 
cess than  any  of  those  which  we  have  just  been  considering, 
and  is  dependent  upon  a variety  of  conditions.  It  probably 
involves  not  only  the  self-decomposition  of  the  protoplasm,  but 
also  other  processes  taking  place  in  its  meshes. 

The  conditions  necessary  for  the  formation  of  chlorophyll 
are,  1st,  access  of  light ; 2nd,  a particular  range  of  tempera- 
ture ; 3rd,  the  presence  of  a minute  quantity  of  iron  in  the 
plant.  If  a plant  be  cultivated  from  seed  in  darkness,  the 
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resulting  seedling  will  not  be  green,  but  will  have  a yellowish- 
white  colour.  When  examined  by  a microscope  the  plastids 
will  be  found  in  the  cells,  but  they  will  be  tinged  with  a pale 
yellow  pigment  known  as  etiolin.  When  the  etiolin  is  ex- 
posed to  light  it  will  rapidly  become  green,  being  in  fact  re- 
placed by  or  converted  into  chlorophyll.  The  etiolin  is  in  the 
first  instance  secreted  by  the  protoplasm  of  the  plastid,  and  sub- 
sequent changes  take  place  about  which  little  is  known,  con- 
verting it  into  chlorophyll.  If  the  temperature  be  kept  very 
low,  the  etiolin  remains  unchanged,  even  though  light  be 
admitted.  Hence  the  first  leaves  of  plants  which  spring  up  in 
the  winter  are  frequently  yellow  and  not  green.  The  function 
of  the  iron  is  not  understood ; plants  cultivated  in  such  a 
medium  that  this  element  is  not  supplied  to  them  have  an 
appearance  much  like  that  of  an  etiolated  plant.  Their  colour 
is  even  paler,  indeed  they  are  almost  colourless,  though  the 
plastids  are  present.  A supply  of  iron  at  once  changes  them 
to  the  normal  appearance.  Plants  so  suffering  from  the  absence 
of  iron  are  said  to  be  chlorotic.  N 

The  excretions  of  plants,  using  the  term  in  the  wide  sense 
indicated  above,  and  not  implying  that  they  are  thrown  off 
from  the  plant  body,  are  similarly  produced.  Perhaps  the  most 
frequently  occurring  instance  of  these  is  the  sugary  solution 
known  as  the  nectar,  which  is  so  common  in  flowers.  Other 
instances  are  the  resin  produced  in  the  resin  glands  of  the 
Conifers  and  of  other  trees,  and  the  etherial  oils  found  in 
special  receptacles  in  the  leaves  and  other  parts.  Mineral 
matters,  chiefly  carbonate  and  oxalate  of  calcium,  are  also 
formed.  The  carbonate  is  in  some  cases  excreted  on  to  the 
surface  through  special  glands,  as  in  certain  Saxifrages ; in 
others  it  is  deposited  in  the  substance  of  the  cell-walls  or  of 
protrusions  from  them,  as  in  the  cystoliths  of  Ficus,  the  Nettle, 
and  other  plants.  The  oxalate  is  frequently  deposited  in 
special  cells,  where  it  forms  the  bodies  described  as  raphides 
and  sphicraphides.  In  these  cases  the  cluster  of  crystals  is 
usually  invested  by  a delicate  skin  derived  from  the  proto- 
plasm. The  oxalate  is  also  sometimes  deposited  in  the  sub- 
stance of  the  cell-wall  as  in  the  bast  fibres  of  Ephedra.  Silica, 
again,  is  accumulated  in  the  epidermis  of  many  grasses  and 
Equisetums. 

Many  of  these  excretions  cannot  be  traced  to  the  self-decom- 
position of  the  protoplasm,  but  arc  probably  formed  by  the 
processes  of  oxidation  and  reduction  which  we  have  seen  are 
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often  associated  with  its  activity.  They  are  not,  however, 
formed  without  its  intervention  in  some  way. 

The  bye-products  of  metabolism  are  too  numerous  to  be 
discussed  in  detail  in  the  present  treatise.  They  include  bodies 
of  varying  degrees  of  complexity,  some  nitrogenous,  others  not. 
Among  the  former  may  be  mentioned  many  compounds  of  the 
amides  with  fatty  acids,  xanthin  and  bodies  allied  to  it,  and  the 
great  group  of  the  alkaloids.  It  is  possible  that  many  of  these 
majr  be  of  use  to  the  plant  in  its  processes  of  reconstruction, 
but  some  are  certainly  of  no  value  in  this  respect.  The  alka- 
loids come  under  the  latter  category,  for  though  they  contain 
combined  nitrogen  they  cannot  minister  to  the  growth  of  the 
plant.  If  a plant  is  supplied  with  them,  but  with  no  other  form 
of  combined  nitrogen,  it  is  rapidly  starved.  The  amido-acids, 
leucin,  tyrosin,  glycin,  &e.,  on  the  other  hand,  can  be  absorbed 
and  utilised  in  the  processes  of  nutrition.  The  latex  of  plants 
frequently  contains  many  of  these  bodies.  Caoutchouc  is  also 
present  in  some. 

Among  the  non-nitrogenous  bye-products  may  be  mentioned 
the  great  variety  of  vegetable  acids  and  many  of  the  glucosides, 
such  as  salicin,  coniferin,  &c.,  which  have  a certain  nutritive  value 
owing  largely  to  the  sugar  they  contain.  Many  other  products 
derived  from  them  may  also  be  utilised  in  this  way.  Such  bodies 
may  perhaps  be  best  included  among  the  reserve  materials 
already  discussed.  The  vegetable  acids,  such  as  tartaric,  malic, 
citric,  &c.,  are  usually  regarded  as  arising  in  the  course  of  the 
catabolic  processes ; it  is,  however,  possible  that  some  of  them 
may  be  formed  in  the  elaboration  of  food  from  the  raw  materials 
absorbed,  having  thus  their  origin  in  anabolism. 

The  bye-products  include  also  a variety  of  aromatic  substances, 
such  as  tannin,  phloroglucin,  and  aromatic  acids,  such  as  benzoic, 
salicylic,  &c.,  but  the  nature  of  the  processes  which  give  rise  to 
them  is  not  well  understood. 

Certain  decomposition  products  of  cellulose  may  also  bo 
included  here.  The  lignin  and  suberin,  which  are  characteristic 
of  woody  and  corky  cell-walls,  arise  in  this  way.  During  their 
formation  they  can  be  removed  by  appropriate  solvents,  leaving 
the  cellulose  skeleton  which  they  are  gradually  replacing.  These 
differ  from  most  of  the  bodies  described  in  that  they  can  be  pro- 
duced in  the  walls  of  cells  that  have  lost  their  protoplasm,  so 
that  their  formation  is  independent  of  the  latter. 

Finally,  we  may  include  here  the  odorous  substances  and 
the  colouring  matters,  except  chlorophyll.  Many  colouring 
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matters  are  the  products  of  the  decomposition  of  the  latter, 
especially  xanthophyll  and  crytlirophyU,  to  which  the  autumn 
tints  of  leaves  are  due.  The  former  appears  to  be  always  present 
with  chlorophyll  in  the  cliloroplasts. 

Though  many  of  these  substances,  both  excretions  and  bye- 
products,  are  of  no  value  for  nutrition,  some  of  them  may  play 
a very  important  part  in  the  defence  of  plants  against  their 
natural  enemies,  their  nauseous  smell  or  flavour  preventing  their 
being  eaten  by  animals,  &c.  Some  odours  and  the  nectar  found 
in  dowers  are  doubtless  of  great  service  in  attracting  insects, 
which  assist  in  the  process  of  cross-pollination,  to  be  discussed 
in  a subsequent  chapter. 


CHAPTER  XI. 

THE  RESPIRATION  OF  PLANTS. 

One  of  the  conditions  of  life  of  almost  every  organism,  whether 
animal  or  vegetable,  is  that  it  shall  be  supplied  with  free  oxygen. 
Not  only  do  all  the  vital  activities  of  plants  as  well  as  animals 
depend  upon  this,  but  the  very  life  of  the  protoplasm  ceases  if 
this  gas  is  withdrawn.  Consequently,  as  long  as  life  is  main- 
tained, tiie  organism  must  be  continuously  absorbing  oxygen. 
This  is  very  evident  in  the  case  of  an  animal,  but  it  is  not  so 
obvious  in  that  of  a green  plant,  for  the  process  of  decomposing 
the  carbon  dioxide  taken  in  as  a material  for  food  construction 
is,  as  we  have  seen,  accompanied  by  an  evolution  of  oxygen.  In 
the  case  of  a plant  which  has  no  chlorophyll  the  absorption  of 
oxygen  can  be  much  more  easily  detected,  as  it  is  not  masked 
by  this  converse  process  of  its  exhalation.  If  a fungus,  such  as 
a mushroom,  bo  placed  in  a closed  receiver  containing  ordinary 
air,  and  be  left  there  for  some  hours,  at  the  conclusion  of  the 
experiment  the  vessel  will  be  found  to  contain  but  little  oxygen, 
which  will  have  been  replaced  by  about  an  equal  amount  of 
carbon  dioxide.  It  is  not  difficult  to  devise  an  experiment  which 
will  show  that  a green  plant  has  the  same  absorbing  power.  If 
the  light  be  excluded  from  one  placed  in  a similar  vessel,  no 
evolution  of  oxygen  will  take  place  from  it,  as  we  have  already 
noticed  in  a preceding  chapter,  and  that  the  oxygen  diminishes 
even  to  extinction  can  be  made  evident  just  as  in  the  case  of  the 
mushroom.  We  have,  however,  evidence  that  this  is  not  caused 
by  the  exclusion  of  the  light.  An  apparatus  can  be  easily 
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arranged  to  show  the  absorption  of  oxygen  even  when  a green 
plant  is  exposed  to  a bright  sunlight.  The  atmosphere  in  which 
the  plant  is  placed  can  be  freed  from  carbon  dioxide  by  having 
a vessel  containing  a solution  of  caustic  potash  in  the  receiver 
with  the  plant.  The  potash  will  absorb  the  carbon  dioxide  of 
the  original  atmosphere  admitted,  as  well  as  any  given  off  by 
the  plant  during  the  experiment.  If  a capillary  tube  be  fitted 
into  the  receiver  and  its  other  end  be  made  to  dip  into  a vessel 
of  mercury,  the  latter  will  slowly  and  gradually  rise  in  the  tube, 
indicating  a diminution  of  the  volume  of  the  included  air.  If 
the  experiment  be  continued  till  the  mercury  ceases  to  rise  in 
the  tube  and  the  gas  remaining  in  the  receiver  be  measured  at 
the  ordinary  atmospheric  pressure,  it  will  be  found  that  its  volume 
has  been  diminished  by  about  20  per  cent,  and  that  what  is 
left  consists  of  nitrogen.  The  oxygen  will  have  been  completely 
removed  by  the  green  plant,  even  when  in  sunlight.  If  the 
caustic  potash  be  examined,  it  will  be  found  to  have  gained 
considerably  in  weight  and  to  contain  a quantity  of  carbonate 
of  potassium.  Thus  there  has  been  proceeding  an  absorption  of 
oxygen,  attended  as  before  by  an  exhalation  of  carbon  dioxide, 
the  latter  having  been  combined  with  the  potash. 

This  process  of  gaseous  interchange  constitutes  what  is 
known  as  respiration.  Though  more  easily  detected  when  the 
absorption  of  carbon  dioxide  and  its  decomposition  by  the 
cldoroplasts  are  suspended,  it  is  nevertheless  constantly  going 
on  so  long  as  the  plant  is  living.  It  is  observable  in  all  living 
parts  of  the  plants,  whatever  be  their  environment. 

If  the  plant  be  carefully  weighed  at  the  beginning  and  end 
of  the  experiment,  it  will  be  found  to  have  lost  weight  during 
its  stay  in  the  receiver,  so  that  respiration  is  associated  with  a 
loss  of  weight  to  the  plant.  Not  only  is  respiration  attended 
with  the  emission  of  carbon  dioxide,  but  there  is  also  a certain 
exhalation  of  watery  vapour,  which  takes  place  quite  inde- 
pendently of  any  supply  from  the  root  or  the  cut  end  of  the 
stem.  The  nature  of  the  metabolism  is  such  that  the  living 
substance  gives  off  both  water  and  carbon  dioxide  while  it 
coincidently  absorbs  oxygen.  This  is  quite  independent  of  any 
constructive  processes,  for  it  can  be  observed  when  no  nutritive 
material  of  any  kind  is  supplied  to  the  plant. 

We  may  inquire  what  is  the  relation  of  the  absorption  of 
oxygen  to  the  elimination  of  carbon  dioxide  and  water.  It  is 
conceivable  that  the  oxygen  may  unite  in  the  plant  with  carbon 
and  with  hydrogen  to  produce  at  once  the  exhaled  compounds. 
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A study  of  the  living  organism  at  work,  however,  soon  shows 
us  that  the  process  is  not  of  this  simple  nature.  If  a study  be 
made  of  the  germination  of  starchy  seeds,  the  volume  of  oxygen 
absorbed  is  about  equal  to  that  of  carbon  dioxide  evolved,  hut 
if  oily  seeds  be  examined  during  germination,  more  oxygen 
is  taken  in  in  proportion  to  the  carbon  dioxide  given  out. 
Various  observers  have  shown  that  in  certain  cases,  succulent 
leaves,  or  the  phylloclades  of  a Cactus,  are  capable  of  absorbing 
oxygen  without  the  simultaneous  evolution  of  carbon  dioxide 
at  all.  Nor  is  the  oxygen  absorbed  without  entering  into 
chemical  combination,  for  it  cannot  be  extracted  by  the  air- 
pump.  Conversely  carbon  dioxide  may  be  thrown  off  from  a 
plant  without  any  simultaneous  absorption  of  oxygen.  If 
a seed  be  germinated  in  a vacuum  over  a column  of  mercury, 
carbon  dioxide  is  found  to  be  evolved.  Ripe  fruits  have  been 
found  to  give  off  carbon  dioxide  in  an  atmosphere  quite  devoid 
of  oxygen. 

Again,  it  is  found  that  the  ratio  of  oxygen  absorbed  to 
carbon  dioxide  exhaled  varies  according  to  the  temperature  at 
which  the  experiment  is  conducted.  Evidently  the  two  pro- 
cesses are  not  directly  dependent  upon  each  other. 

It  is  evident  from  the  foregoing  consideration  that  the  vital 
activity  of  protoplasm  is  somehow  associated  with  the  two  pro- 
cesses. In  the  absence  of  oxygen  it  gradually  ceases,  the  living 
substance  being  in  fact  slowly  asphyxiated.  During  its  life  one 
of  the  manifestations  of  its  metabolism  is  the  formation  and 
exhalation  of  the  two  fairly  simple  compounds  carbon  dioxide 
and  water.  To  ascertain  what  is  the  true  relation  of  the  two 
processes,  it  is  necessary  to  look  closely  at  the  nature  of  the 
chemical  changes  going  on  in  the  protoplasm  itself,  or  at  what 
we  have  called  its  metabolism. 

Respiration  in  the  strict  sense  is,  therefore,  a process  going 
on  in  the  living  substance  itself,  or  rather  is  the  expression  of 
the  beginning  and  end  of  a series  of  complex  changes  in  which 
the  molecules  of  the  living  substance  are  involved.  The  details 
of  the  absorption  of  the  oxygen  by  the  plant  from  its  environ- 
ment and  the  ultimate  evolution  of  the  carbon  dioxide  and 
water  from  the  plant  body  should  rather  be  regarded  as  the 
mechanism  of  respiration  than  respiration  itself,  which  is  a 
function  of  the  living  substance  only. 

We  see,  then,  that  the  two  processes  are  not  immediately 
connected  in  the  sense  of  the  carbon  dioxide  coming  at  once 
from  the  direct  oxidation  of  carbon,  but  that  they  are  ultimately 
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associated,  though  separated  in  time  by  a series  of  chemical 
changes  taking  place  in  the  living  substance. 

In  the  metabolic  changes  going  on  in  the  protoplasm  we  find, 
however,  that  while  its  own  molecules  are  in  a constant  state  of 
decomposition  and  reconstruction,  other  changes  also  take  place 
in  the  various  substances  which  are  enclosed  in  its  meshes,  into 
which  its  own  molecules  do  not  enter.  Processes  of  slow 
oxidation  and  gradual  reduction  are  taking  place  there  continu- 
ally, excited,  nevertheless,  in  all  probability  by  the  changes  in 
the  protoplasm  itself.  Even  these  are  by  no  means  simple, 
and  the  direct  oxidation  of  either  carbon  or  hydrogen  has 
probably  no  place  amongst  them.  An  instance  of  them  may 
be  seen  in  the  oxidation  of  alcohol  in  the  cells  of  Mycoderma 
aceti , a fungus  which  converts  alcohol  into  acetic  acid.  This 
process,  into  which  the  molecule  of  protoplasm  can  apparently 
not  enter,  nevertheless  can  only  go  on  in  the  living  cell.  Other 
similar  instances  could  be  quoted. 

The  probable  course  of  events  is  that  the  oxygen  in  some  way 
unites  with  the  molecule  of  protoplasm,  rendering  it  unstable 
and  initiating  a series  of  decompositions  which  result  in  the 
formation  of  many  of  the  bodies  already  spoken  of  in  the  last 
chapter.  If  the  temperature  be  low,  the  breaking  down  of  the 
protoplasm  proceeds  but  slowly,  and  reconstruction,  either  from 
some  of  these  residues  or  from  food  supplied  to  it  from  the  cell 
contents,  or  both,  is  rapid.  Consequently  the  quantity  of  oxygen 
absorbed  or  fixed  by  the  protoplasm  is  greater  than  the  quantity 
of  carbon  dioxide  formed  by  its  decomposition.  At  a higher 
temperature  decomposition  is  much  more  easily  carried  on  and 
its  products  are  more  numerous  and  simpler.  The  decomposi- 
tion and  recomposition  go  on  side  by  side,  simpler  bodies  being 
gradually  produced,  either  by  their  splitting  from  the  proto- 
plasm directly,  or  by  their  being  formed  at  the  expense  of 
the  more  complex  decomposition  products,  during  processes  of 
slow  oxidation  in  its  meshes,  till  finally  a certain  production  of 
carbon  dioxide  and  water  is  arrived  at.  So  long  as  the  proto- 
plasm remains  alive  the  amount  of  these  is  not  large,  recon- 
struction continually  taking  place.  When,  however,  the  proto- 
plasm dies,  simpler  bodies  such  as  carbon  dioxide,  water,  and 
possibly  Ammonia  in  addition,  are  produced  abundantly  from 
the  decomposition  which  attends  its  death. 

The  carbon  dioxide  is  thus  the  final  term  in  a series  of 
decompositions  of  which  the  living  substance  is  the  seat,  and 
which  arc  promoted  by  the  access  of  oxygen.  In  some  cases, 
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such  as  that  of  the  Cactus  already  alluded  to,  this  final  term  is 
not  reached,  no  carbon  dioxide  being  exhaled.  In  these  cases 
the  process  stops  short  at  the  formation  of  certain  organic  acids 
which  are  found  in  abundance  in  the  tissues  of  the  plant. 

The  meaning  of  these  complex  metabolic  processes  must  be 
looked  for  in  relation  to  the  question  of  the  energy  which 
the  plant  requires  for  its  vital  functions.  There  are  but  two 
sources  of  energy  available  for  its  use  ; one  of  these,  the 
radiant  energy  of  the  sun’s  rays,  can  only  be  utilised  through 
the  chloroplasts,  and  is  not  directly  at  the  disposal  of  the  proto- 
plasm. But  the  construction  by  them  of  various  complex 
materials,  food  and  plant  substance,  involves  the  expenditure 
upon  the  latter  of  a considerable  amount  of  this  energy,  which 
can  be  again  set  free  by  the  decomposition  of  the  complex  bodies 
and  the  production  of  simpler  ones  from  them.  It  is,  of  course, 
an  every-day  experience  that  the  combustion  of  coal  or  wood, 
which  is  really  the  oxidation  of  its  carbon  and  hydrogen  to 
the  condition  of  carbon  dioxide  and  water,  is  attended  with  the 
liberation  of  a great  deal  of  energy  which  takes  the  form  of  heat. 
So  with  the  decompositions  of  the  protoplasm  which  are  set  up, 
or  at  any  rate  facilitated,  by  the  access  of  oxygen.  The  splitting 
up  of  the  complex  molecule,  and  the  formation  of  simpler  ones, 
at  once  set  free  certain  potential  energy,  the  amount  being 
proportionate  to  the  extent  of  the  changes.  Part  of  this  energy 
is  required  at  once  by  the  protoplasm  for  the  reconstruction 
or  building  up  of  its  substance  from  some  of  the  residues,  but 
as  some  comparative!}7  simple  bodies,  such  as  carbon  dioxide  and 
water,  are  always  left  to  be  given  off,  there  is  always  liberated  a 
certain  amount  of  energy  available  for  other  work.  In  many 
cases  this  takes  the  form  of  heat.  In  germinating  seeds  and  in 
the  opening  of  flower-buds,  where  respiration  is  particularly 
active,  there  is  const.antly  an  appreciable  rise  of  temperature, 
sufficient  indeed  to  be  measured  by  a thermometer.  In  other 
cases  the  released  energy  is  utilised  in  causing  movement ; in  a 
few  instances  occurring  among  certain  fungi,  it  takes  the  form 
of  light  or  phosphorescence. 

The  importance  of  respiration  thus  becomes  evident ; it  marks 
the  initiation,  and  is  the  accompaniment,  of  the  catabolic  pro- 
cesses which  we  have  discussed  in  the  preceding  chapter,  and 
these  coincidently  place  at  the  disposal  of  the  plant  a certain 
store  of  energy  which,  originally  derived  from  the  radiant  energy 
of  light,  has  been  transformed  from  the  kinetic  to  the  potential 
condition,  and  which  is  rendered  again  kinetic  by  the  catabolic 
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changes.  So  constant  is  this  relation  that  it  may  be  said  that 
heat  is  always  evolved  where  and  while  oxygen  is  being 
absorbed. 

Though  respiration  is  always  proceeding  wherever  there  is 
living  protoplasm,  the  activity  of  the  process  is  modified  by 
different  physical  conditions.  The  degree  of  illumination  ot 
most  plants  is  continually  varying,  and  though  respiration  does 
not  depend  upon  light,  its  activity  is  not  the  same  under  all  con- 
ditions of  the  latter.  We  have  already  noticed  that  variations 
of  temperature  affect  differently  the  absorption  of  oxygen  and 
the  exhalation  of  carbon  dioxide.  The  absorption  of  oxygen  is 
suspended  if  the  temperature  is  too  low,  it  increases  as  the  latter 
rises  to  a certain  optimum  point,  which  varies  with  different 
plants,  and  at  higher  temperatures  it  progressively  decreases. 
The  exhalation  of  carbon  dioxide  is  smaller  at  low  temperatures 
than  the  absorption  of  oxygen,  but  is  greater  at  higher  ones. 

The  process  of  respiration  is  also  affected  to  a considerable 
extent  by  the  nature  of  the  substances  which  serve  as  nutritive 
material  for  the  reconstruction  of  the  protoplasm.  It  has 
already  been  pointed  out  that  seeds  containing  oil  absorb  more 
oxygen  during  germination  than  those  whose  reserve  material 
is  largely  starch.  Organs  which  contain  much  proteid  matter 
respire  more  copiously  than  others  which  contain  but  little. 
The  nature  of  the  inorganic  salts  absorbed  also  influences  the 
process  to  a certain  extent. 

The  importance  of  respiration  thus  appears  to  be  that  it  is 
one  great  means  whereby  the  stored  energy  is  made  available 
by  the  protoplasm  of  the  plant.  Strictly  speaking,  it  is  imme- 
diately dependent  upon  the  access  of  oxygen  to  the  latter.  We 
find,  however,  that  absorption  of  oxygen  is  not  universal.  In 
the  case  of  certain  micro-organisms  it  does  not  take  place ; 
indeed,  these  so-called  anaerobic  plants  are  killed  by  exposure 
to  the  gas.  We  must  not,  however,  conclude  that  their  meta- 
bolism is  of  a totally  different  kind  from  that  of  others,  but 
rather  that  they  obtain  what  energy  they  require  from  other 
internal  decompositions.  Many  parts  of  green  plants  can  show 
a similar  behaviour  when  oxygen  is  denied  access  to  them.  The 
partial  asphyxiation  which  sets  in  causes  another  series  of 
decompositions,  known  by  the  name  of  alcoholic  fermentation. 
The  protoplasm  in  these  cases  decomposes  such  sugar  as  may 
be  present  in  the  cells,  splitting  it  up  into  alcohol  and  carbon 
dioxide.  That  this  is  attended  by  the  liberation  of  energy  is 
seen  by  the  fact  that  a certain  amount  of  heat  is  always 
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generated  during  the  progress  of  the  fermentation.  Nor  is 
alcoholic  fermentation  the  only  one  met  with,  though  it  is  the 
commonest.  Other  fermentative  changes  are  brought  about  in 
the  case  of  other  anaerobic  organisms. 

The  action  of  the  protoplasm  in  setting  up  alcoholic  fermen- 
tation is  probably  not  direct.  In  many  cases,  especially  in  those 
of  yeast  and  of  certain  fruits,  it  accomplishes  the  decomposition 
of  the  sugar  by  secreting  a peculiar  enzyme  called  zymase, 
which  can  by  appropriate  methods  be  extracted  from  the  cells 
and  can  set  up  the  fermentation  while  quite  free  from  the 
plant. 


CHAPTER  XII. 

GROWTH. 

In  studying  the  growth  of  plants  we  must  consider  the  relation 
which  it  bears  to  the  processes  of  metabolism  which  we  have 
already  discussed.  We  have  seen  that  the  constructive  metabo- 
lism or  anabolism  is  much  greater  than  the  destructive,  or  cata- 
bolism. There  results  from  this  a considerable  increase  in  the 
substance  of  the  plant,  as  well  as  an  accumulation  of  potential 
energy  which  can  be  made  available  by  the  plant  by  the  destruc- 
tive processes.  Usually  we  have  therefore  a great  accumulation, 
which  is  primarily  manifested  in  growth.  Here  again- we  must 
distinguish  between  the  growth  or  incrcaso  of  the  living  sub- 
stance and  the  manufacture  of  other  products  such  as  wood, 
which  are  not  necessarily  living. 

The  growth  of  the  living  substance  is  always  the  result  of 
constructive  metabolism,  and  is  attended  by  an  increase  of  bulk 
and  weight.  The  growth  of  an  organ  sometimes  appears  to  be 
independent  of  such  increase  of  weight ; indeed,  a diminution 
of  the  weight  of  the  whole  structure  is  sometimes  noticeable. 
Thus,  in  the  case  of  a potato  allowed  to  germinate  in  such  con- 
ditions as  prevent  the  absorption  of  food  materials  from  without, 
we  have  a marked  change  of  form,  but  owing  to  the  loss  oi 
moisture  by  transpiration  and  of  carbon  dioxide  as  a con- 
sequence of  its  respiration,  or  the  catabolic  processes  going  on 
in  it,  the  resulting  plant  may  weigh  much  less  than  the  original 
potato. 

This  difference  is,  however,  rather  apparent  than  real.  We 
shall  see  that  the  actual  growth,  or  the  manufacture  of  new 
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cells,  is  confined  to  certain  regions.  In  these  regions  there  is  a 
considerable  increase  in  bulk  and  weight,  but  as  the  materials 
which  are  used  for  the  purposes  of  this  local  growth  are  derived 
from  substances  stored  up  in  the  body  of  the  tuber,  the  latter, 
which  is  not  the  seat  of  the  growth  at  all,  diminishes  in  weight 
and  size  to  such  an  extent  as  more  than  to  counterbalance  the 
gain  in  the  growing  regions.  Hence  the  whole  plant  weighs 
less  than  the  tuber,  though  considerable  growth  may  have  taken 
place. 

Growth  is  in  the  strict  sense,  then,  always  associated  with 
the  formation  of  new  substance ; it  is  in  nearly  all  cases 
attended  by  a permanent  change  of  form.  This  is  perhaps  not  so 
evident  in  the  case  of  axial  organs,  though  here  it  takes  place  to 
a certain  extent,  as  it  is  in  that  of  leaves  and  their  modifications. 
In  most  cases  the  young  leaves  of  a plant  have  a different  shape 
from  the  adult  ones,  and  the  appearance  of  the  latter  is  gra- 
dually assumed  as  the  leaf  grows  older. 

This  change  of  form  not  only  can  be  seen  in  the  case  of 
such  an  organ  as  a leaf,  but  may  be  noticed  also  in  that  of  the 
individual  cells  of  which  a plant  consists.  In  the  apical 
meristem  of  the  shoot  of  a flowering  plant  the  cells  when  first 
formed  are  almost  cubical ; after  a little  while  we  find  many  of 
them  becoming  prosenchymatous.  Many  other  cases  can  be 
noted,  particularly  the  irregularly  shaped  cells  of  the  spongy 
parenchyma  of  leaves,  the  stellate  cells  of  the  pith  of  certain 
Rushes,  the  laticiferous  cells  of  the  Spurges,  &c. 

Growth  may,  in  the  light  of  the  considerations  advanced 
above,  be  defined  as  permanent  increase  of  bulk  attended  by 
permanent  change  of  form.  We  must  not  assume  that  increase 
of  bulk  is  necessarily  growth,  for,  as  we  shall  see,  in  growing 
cells  and  members  there  is  a constant  stretching  of  the  cell  or 
tissue  by  hydrostatic  pressure  or  turgidity  which  can  be  dis- 
tinguished from  growth  by  the  fact  that  it  can  be  removed, 
with  the  result  of  a certain  amount  of  shrinkage  of  size  of  the 
part  under  examination. 

Growth  in  the  lowliest  plants  may  be  coextensive  with  the 
plant  body.  In  all  plants  of  any  considerable  size,  however,  it 
is  localised  in  particular  regions,  and  in  them  it  is  associated 
with  the  formation  of  new  protoplasts.  We  have  already  seen 
in  the  case  of  the  sporophytes  of  all  the  higher  plants  that  there 
exist  certain  regions  in  which  the  cells  are  merismatic,  that  is, 
which  have  the  power  of  self- multiplication  by  means  of 
division.  In  such  regions,  when  a cell  has  reached  a certain 
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size,  which  varies  with  the  individual,  it  divides  into  two,  each 
of  which  increases  to  the  original  dimensions  and  then  divides 
again.  These  regions  have  been  called  growing  points  ; they 
may  be  apical,  or  intercalary,  or  may  consist  of  definite  layers 
known  as  cambium  layers,  or  pliellogens.  By  the  activity  of 
the  protoplasts  in  these  merismatic  areas  the  substance  of  the 
plant  is  increased.  As  they  consist  of  cells,  it  is  evident  that 
the  growth  of  the  entire  organ  or  plant  will  depend  on  the 
behaviour  of  the  cells  of  which  it  is  composed. 

The  growth  of  a cell  will  be  found  to  depend  mainly  upon 
four  conditions : 1.  There  must  be  a supply  of  nutritive  or 
plastic  material  at  the  expense  of  which  the  formation  of  proto- 
plasm can  take  place.  2.  There  must  be  a supply  of  water  to 
such  an  extent  as  to  set  up  a certain  hydrostatic  pressure  in  the 
cell.  This  condition  we  have  already  considered  in  the  first 
chapter  of  this  section,  where  we  discussed  the  relation  of  proto- 
plasm to  water.  In  the  absence  of  this  turgescencc  no  growth 
is  possible,  for  reasons  that  will  presently  appear.  8.  There 
must  be  a certain  temperature  in  the  plant,  for  the  activity  of 
protoplasm  can  go  on  only  within  certain  limits,  which  differ  in 
the  cases  of  different  plants.  4.  There  must  be  a supply  of 
oxygen  to  the  growing  cell,  for,  as  wo  have  seen,  the  protoplasm 
is  dependent  upon  this  gas  for  the  performance  of  its  vital 
functions.  This  is  evident  from  the  consideration  that  the 
growth  of  the  cells  is  attended  by  the  growth  in  surface  of  the 
cell- wall,  and  as  the  latter  is  a secretion  from  the  protoplasm,  a 
product,  that  is,  of  its  catabolic  activity,  such  a decomposition 
cannot  readily  take  place  unless  oxygen  is  admitted. 

"When  these  conditions  are  present  the  course  of  events 
appears  to  be  the  following:  the  young  cell,  immediately  it  is 
separated  from  its  fellow,  absorbs  water,  and  with  the  water  its 
contained  nutrient  substances.  There  is  set  up  at  once  a cer- 
tain hydrostatic  pressure  due  to  the  turgidity,  and  the  extensible 
cell-wall  stretches,  at  first  in  all  directions.  The  growth  of  the 
protoplasm  at  the  expense  of  the  nutritive  matter  for  a time 
keeps  pace  with  the  increased  size  of  the  cell,  but  by  and  by  it 
becomes  vacuolated  as  more  and  more  water  is  attracted  into 
the  interior.  Eventually  the  protoplasm  forms  usually  only  a 
lining  layer  to  the  cell-wall,  and  a large  vacuole  filled  with  cell- 
sap  occupies  the  centre.  The  growth  of  the  protoplasm,  though 
considerable,  is  therefore  not  commensurate  with  the  increase 
in  size  of  the  cell.  The  stretching  of  the  cell -wall  by  the  hydro- 
static pressure  is  fixed  by  secretion  of  new  particles  upon  the 
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original  wall,  which  as  it  thus  becomes  slightly  thicker  is 
capable  of  still  greater  extensibility,  much  in  the  same  way  as 
a thick  band  of  india-rubber  is  capable  of  greater  stretching  than 
a thin  one.  The  increase  in  surface  of  the  cell-wall  is  thus  due 
firstly  to  the  stretching  caused  by  turgidity,  and  secondly  to  the 
formation  of  new  cellulose  upon  the  old.  The  latter  only  is  the 
growth  of  the  cell-walls  ; the  former  can  be  removed  by  irrigat- 
ing the  cell  with  a solution  of  a substance,  such  as  common  salt, 
which  will  rob  the  cell  of  the  water  it  contains.  The  constructive 
changes  leading  to  the  formation  of  new  protoplasm  are  attended 
in  this  process  by  the  catabolic  formation  of  cell-wall  and  other 
substances,  such  as  the  osmotic  bodies  which  are  necessary  to 
attract  the  water  into  the  cell.  The  supply  of  oxygen  is  needed 
to  allow  the  protoplasm  to  undergo  these  catabolic  decomposi- 
tions, enabling  it  thus  to  produce  these  several  products  and  to 
gam  from  such  decompositions  the  energy  which  must  be  ex- 
pended upon  the  construction  and  reconstruction  of  the  living 
substance  and  used  in  the  secondary  chemical  changes  which 
supervene. 

This  process  of  the  growth  of  a cell  is  limited  in  its  extent, 
though  the  limits  vary  very  widely.  In  some  cases  cells  grow 
only  to  a few  times  their  original  dimensions ; in  others  they 
may  attain  a very  considerable  size.  In  any  case,  however, 
we  can  notice  that  the  rate  of  growth  is  not  constant ; it  begins 
slowly,  increases  to  a maximum,  and  then  becomes  gradually 
slower  till  it  stops.  The  time  occupied  by  these  varying  rates 
of  growth  is  generally  spoken  of  as  the  grand  period  of  growth. 

Changes  in  the  shapes  of  cells  arising  during  growth  depend 
upon  two  factors.  The  direction  of  hydrostatic  pressure  and  the 
power  of  the  cell  to  respond  to  it  may  not  continue  the  same  in 
all  directions,  and,  consequently,  the  growth  of  the  cell  in  the 
direction  of  greater  pressure  or  least  resistance  will  be  greater 
than  elsewhere.  The  extensibility  of  the  cell-wall  may  also  be 
locally  modified  by  the  protoplasm,  so  that  the  growth  becomes 
irregular,  and  cells  of  curious  form  may  result. 

If  we  consider  the  behaviour  of  a growing  organ  in  the  light 
of  these  facts,  we  shall  see  that  it,  like  the  cell,  must  show  a 
grand  period  of  growth.  If  we  take  the  case  of  a root,  in  which 
the  changes  can  be  traced  most  easily  from  the  simplicity  of  its 
structure,  we  find  that  just  behind  the  apex  the  cells  are  all  in 
active  division.  Growth  is  small,  for  the  cells  divide  again  as 
soon  as  they  have  reached  a certain  size.  As  new  cells  are 
continually  formed  in  front  of  the  merismatic  mass,  those 
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behind  gradually  cease  to  divide,  and  the  process  of  growth 
proper  takes  place.  Here  the  actual  extension  in  length  of  the 
root  goes  on,  and  the  cells  are  at  the  maximum  point  of  their 
grand  period.  They  then  gradually  lose  the  power  of  growth, 
the  oldest  ones,  or  those  furthest  from  the  apex,  parting  with  it 
first,  and  they  pass  over  into  the  condition  of  the  permanent 
tissue.  Thus  every  portion  of  the  root  goes  through  a grand 
period  of  growth  ; at  first,  when  the  cells  are  merismatic,  growth 
is  at  a minimum,  it  gradually  becomes  accelerated,  reaches  a 
maximum,  and  slowly  ceases,  exactly  as  did  that  of  the  cell 
which  we  first  considered.  By  careful  examination  of  a growing 
root  it  can  be  found  that  the  growth  is  greatest  just  behind  the 
merismatic  region.  If  a young  root  be  taken  and  marked  with 
a series  of  dots  at  equal  distances  apart,  and  then  allowed  to 
continue  its  growth,  it  will  be  found  that  the  dots  remain  close 
together  at  the  apex  and  for  a very  short  distance  from  it.  Then 
they  become  separated  by  broader  spaces.  Further  back  still 
the  original  intervals  between  the  dots  are  again  unaltered.  The 
second  region  corresponds  to  the  part  where  the  cells  are  under- 
going the  enlargement  described. 

The  same  order  of  events  may  be  ascertained  to  take  place 
in  the  stem,  but  in  this  region  it  is  complicated  by  the  occurrence 
of  nodes  and  internodes.  Growth  in  length  is  confined  to  the 
latter,  each  of  which  passes  through  a similar  grand  period.  The 
growth  of  the  stem  is  the  algebraical  sum  of  the  growth  of 
the  internodes,  many  of  which  may  be  growing  simultaneously. 
They  will  consequently  be  at  different  parts  of  their  grand  period 
at  any  particular  moment.  The  region  of  growth  in  the  stem  is, 
as  a rule,  much  longer  than  that  of  the  root. 

The  growth  of  the  leaf  shows  a little  variation.  The  apical 
growth  is  commonly  not  very  long  continued,  and  the  subsequent 
enlargement  of  the  leaf  is  due  to  an  intercalary  growing  region 
near  the  base.  This  area  lias  the  merismatic  cells  at  about  its 
centre,  and  r'cgions  of  greatest  growth  are  on  both  sides  of  it. 
This  can  be  traced  more  easily  in  the  elongated  leaves  of 
Monocotyledons  than  in  those  of  Dicotyledons. 

The  grand  period  itself  is  not  quite  uniform,  as  the  rates 
of  growth  in  the  active  region  may  and  do  vary  with  changes 
in  external  conditions,  and  with  differences  in  activity  in  the 
protoplasm  from  time  to  time.  This  can  be  observed  very 
favourably  in  the  case  of  a young  stem,  which  grows  most 
quickly  during  the  night  and  more  slowly  during  the  day.  The 
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variations  are  fairly  regular,  and  constitute  what  has  been 
called  the  daily  period  of  growth  in  length. 

For  the  sake  of  simplicity  of  description  it  has  been  assumed 
in  the  foregoing  account  that  the  turgidity  of  the  cells  in  the 
growing  organ  is  uniform.  This,  however,  is  far  from  being 
the  case.  There  is  generally  a fairly  regular  variation  in  this 
turgidity  in  the  different  parts  of  the  growing  organ.  In  the 
simplest  case  we  may  consider  one  which  shows  a difference 
in  structure  on  two  sides ; such  a member  is  described  as 
dorsiventral.  The  two  sides  will  often  show  a difference  of 
degree  of  turgidity,  and  consequently  of  rate  of  growth.  If  we 
consider  a leaf  of  the  common  Fern,  we  find  that  in  its  young 
condition  it  is  closely  rolled  up,  the  upper  or  ventral  surface 
being  quite  concealed.  As  it  gets  older,  it  gradually  unfolds  and 
expands  into  the  adult  form.  This  is  due  to  the  fact  that  in 
the  young  condition  the  turgidity  and  consequent  growth  are 
greater  on  the  dorsal  side  of  the  leaf,  so  that  it  becomes  con- 
volute. As  it  gets  older  the  maximum  growth  changes  to  the 
upper  side,  and  so  it  becomes  unfolded  or  expanded.  These 
two  conditions  are  generally  described  under  the  names  of  hypo- 
nasty  and  epinasty  respectively. 

These  conditions  are  not  confined  to  the  leaves  of  ferns,  but 
may  be  detected  in  those  of  other  plants,  though  to  a less 
degree.  It  is  in  consequence  of  them  that  the  leaves  of  the  bud 
always  fold  over  the  apex  of  the  stem  from  which  they  spring. 

Cylindrical  organs  may  exhibit  similar  variations  in  growth. 
One  side  of  a stem  may  be  more  turgid  than  another,  and  the 
maximum  turgidity  with  its  consequent  growth  may  alternate 
between  two  opposite  sides.  The  increased  turgidity  of  the  cells 
is  often  accompanied  by  an  increased  extensibility  of  the  cell- 
wralls  of  the  turgid  region.  The  growing  apex  of  such  a stem  will 
alternately  incline  first  to  one  side  and  then  to  the  other, 
exhibiting  a kind  of  nodding  movement  in  the  two  directions. 
This  is  known  as  nu  tation,  and  it  is  of  very  frequent  occurrence. 

The  region  of  greatest  turgidity,  instead  of  being  alternately 
on  one  side  and  the  opposite,  may  pass  gradually  round  the 
growing  zone.  The  apex  in  this  case  will  describe  a circle,  or 
rather  a spiral,  as  it  is  elongating  all  the  time,  pointing  to  all 
points  of  the  compass  in  succession.  This  movement  has  been 
described  by  Darwin  as  circumnutation,  and  has  been  said  by 
him  to  be  universal  in  all  growing  organs.  The  passage  of  the 
maximum  turgidity  round  the  stem  may  be  regular  or  irregular, 
causing  the  circle  to  be  replaced  by  an  ellipse.  Indeed,  the 
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simple  nutation  spoken  of  above  may  be  regarded  as  only  an 
extreme  instance  of  the  latter. 

By  these  movements,  incident  to  growth,  and  proceeding 
altogether  from  internal  causes,  many  advantages  are  secured 
to  the  plant.  In  the  case  of  climbing  stems  the  circumnutation 
enables  them  to  reach  supports  round  which  they  twine,  so  that 
with  but  little  expenditure  of  substance  they  can  secure  ad- 
vantages of  light  and  air  which  they  could  not  obtain  in  its 
absence.  The  roots  by  the  same  method  are  enabled  more 
easily  to  make  their  way  through  the  crevices  of  the.  soil.  The 
axis  of  the  embryo  shows  in  one  or  other  of  its  parts  strong 
hyponastic  curvature,  forming  an  arch,  which  enables  it  to  leave 
the  seed  coats  and  make  its  way  through  the  soil  without  damage 
to  the  young  delicate  plumule,  its  progress  being  helped  by 
simultaneous  circumnutation.  On  reaching  the  surface  epinastic 
growth  causes  it  to  assume  the  erect  position,  while  circumnuta- 
tion of  the  apical  region  replaces  that  of  the  arched  portion  of 
the  axis. 

During  the  period  of  growth  the  young  organ  is  extremely 
sensitive  to  changes  in  its  environment,  responding  to  such 
stimulating  influences  by  further  modifications  of  its  behaviour; 
these  will  be  considered  in  detail  in  tire  succeeding  chapter. 

Besides  the  hydrostatic  tension  set  up  in  the  cells  of  the 
growing  regions,  the  processes  of  growth  are  accompanied  by 
other  tensions  existing  in  their  interior,  which  appear  to  depend 
upon  differences  between  their;  tissue  systems  as  these  develop. 
If  a petiole  of  Rhubarb  be  taken,  and  a thin  strip  be  peeled 
tronr  one  side,  it  will  immediately  curl  outwards.  If  it  be  then 
placed  in  apposition  with  the  part  from  which  it  was  cut,  it 
will  be  found  to  be  appreciably  shorter  than  the  rest  of  the 
petiole.  If  the  petiole  be  carefully  measured,  and  then  deprived 
of  its  cortical  covering  by  separation  of  successive  strips,  the 
central  part  when  measured  will  be  found  to  be  slightly  longer 
than  the  original  petiole.  In  such  a petiole  the  central  part 
was  clearly  compressed  by  the  external  portions,  and  when 
these  were  removed  it  underwent  an  extension  which  was  the 
expression  of  the  amount  of  such  compression.  Similarly  the 
external  parts  were  stretched  longitudinally  by  the  central 
region,  and  when  they  were  freed  from  it,  the  recoil  was  ac- 
companied by  a diminution  of  their  length.  There  was  thus  a 
longitudinal  tension  in  the  petiole,  due  to  the  turgescence  of 
the  central  part,  which  stretched  the  outer  portions,  and  was 
itself  compressed  by  their  greater  rigidity  resisting  the  hydro- 
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static  extension.  This  tension  is  due  not  to  greater  growth, 
but  to  increased  turgidity,  for  if  the  petiole  be  soaked  for  a 
while  in  salt  solution  till  the  water  is  in  great  part  removed 
from  its  interior,  and  it  has  become  flaccid,  removal  of  the 
cortex  is  not  accompanied  by  the  same  changes  of  dimension. 
A similar  experiment  may  be  performed  on  the  hollow  flower- 
stalk  of  a Dandelion.  If  it  be  slit  into  two  halves  by  a vertical 
cut,  the  two  parts  curl  outwards  from  each  other,  showing  a 
similar  tension  in  the  internal  regions. 

Transverse  tensions  in  growing  stems  can  also  be  demon- 
strated. The  cortex  is  found  to  be  strained  outwards  by  the 
pith,  so  that  if  a ring  of  it  be  cut  out  of  the  stem,  it  will  be 
seen  to  shorten  on  removal.  The  pith  is  in  a state  of  com- 
pression, and  the  cortical  tissues  in  one  of  extension,  as  in  the 
other  case  quoted  above.  Transverse  tensions  of  this  kind  are 
set  up  in  the  course  of  the  thickening  of  stems  and  roots  by  the 
activity  of  the  cambium  layer,  the  bast  and  cortex  being  com- 
pressed outwards  and  the  wood  compressed  inwards  on  account 
of  the  formation  of  the  new  material.  This  gives  us  a partial 
explanation  of  the  formation  of  the  annual  rings  of  such  stems 
and  roots,  and  of  the  ruptures  that  are  generally  noticeable 
on  the  exterior  of  such  parts. 

In  the  absence  of  the  external  stimulating  influences  re- 
ferred to  above,  growing  organs  show  a tendency  to  grow  in 
straight  lines.  Though  the  apex  of  any  of  them  may  con- 
tinually show  the  movement  of  circumnutation,  the  mature 
part  generally  takes  up  a fixed  position,  growing  vertically  or 
horizontally  as  the  case  may  be.  This  position  is,  however, 
usually  the  resultant  of  a number  of  external  forces  acting 
upon  the  growing  organ.  The  inherent  tendency  just  spoken 
of  can  be  satisfactorily  seen  only  when,  by  artificially  elimi- 
nating the  action  of  such  forces,  the  plant  is  not  exposed  to 
their  stimulating  influence.  Such  a tendency  has  been  called 
Bectipetality. 


CHAPTER  XIII. 

INFLUENCE  OF  THE  ENVIRONMENT  ON  PLANTS. 

According  to  the  nature  of  their  surroundings  and  the  con- 
sequent differences  in  mode  of  life,  we  find  in  many  plants 
certain  peculiarities  of  form  and  structure  which  are  different 
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from  those  of  the  bulk  of  the  forms  which  we  have  hitherto  con- 
sidered. Of  these  the  Spermaphytes  which  live  in  water  may 
be  first  discussed,  as  the  direct  influence  of  their  environment  is 
most  conspicuous  in  their  case. 

These  aquatic  Phanerogams  may  be  divided  into  two  chief 
groups:  those  which  are  altogether  submerged,  and  those  which 
hear  floating  leaves  as  well  as  or  instead  of  submerged  ones. 

In  the  former  case  the  plant  body  may  be  attached  by  roots 
to  the  bottom  of  the  stream  or  pool,  or  may  be  altogether 
floating.  The  stems  are  almost  invariably  long  and  slender, 
and  easily  swayed  to  and  fro  in  the  water.  They  depend  for 
their  support  upon  the  nature  of  the  medium  in  which  they 
live,  and  though  possessing  a certain  rigidity,  this  is  not  asso- 
ciated with  any  great  development  of  woody  tissue.  Generally 
the  latter  is  reduced  to  a minimum ; the  fibro -vascular  bundles  are 
usually  few  and  contain  few  lignified  elements.  The  substance 
of  the  plant  is  largely  parenchymatous,  and  the  cells  have  thin 
walls.  The  intercellular  space  system  is  often  very  complex, 
large  lacunte  filled  with  air  occupying  a large  space  in  the 
distribution  of  the  tissues.  Their  rigidity  is  secured  by  the 
turgescence  of  the  parenchymatous  cells,  and  buoyancy  is  much 
assisted  by  the  air  in  the  lacunae. 

The  primary  root  is  generally  feebly  developed,  and,  as  a 
rule,  does  not  persist  through  the  life  of  the  plant.  Adventitious 
roots,  however,  are  given  off  in  large  numbers  from  the  various 
nodes  of  the  stem.  The  root-hairs  which  are  so  characteristic 
of  terrestrial  roots  arc  usually  either  very  scanty  or  altogether 
absent.  The  epidermis  of  both  root  and  stem  is  not  cuticularised, 
but  the  colls  remain  capable  of  absorbing  the  water  in  which 
the  plant  is  living.  In  the  stem  this  tissue  very  frequently 
contains  chloroplastids. 

The  character  of  the  leaves  differs  in  relation  to  the 
habitat.  Those  which  grow  in  rapid  streams  are  generally 
either  long  and  thin,  or  are  very  much  and  finely  divided,  so 
that  they  offer  in  either  case  no  resistance  to  the  force  of  the 
current.  In  more  sluggish  water  they  are  often  broader, 
frequently  attaining  a considerable  size.  Their  tissue  is  always 
very  weak,  the  parenchyma  of  the  mesophyll  sometimes  being 
much  reduced,  so  that  as  the  leaf  grows  old  it  becomes  latticed, 
as  in  Ouvarandra.  The  epidermis  is  never  cuticularised,  and  it 
contains  no  stomata. 

In  plants  with  floating  leaves  the  roots  and  stems  arc  similar 
in  character  to  those  of  the  first  class.  The  leaves,  however,  which 
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lie  upon  the  top  of  the  water  are  usually  tough  and  thick,  their 
undersides  being  sometimes  deeply  rugose.  They  have  not  the 
much-divided  outline  characteristic  of  submerged  leaves,  but  are 
usually  simple  and  sometimes  of  considerable  size.  Those  of  the 
Victoria  rc(/ ia  are  often  three  feet  in  diameter,  and  are  turned 
up  at  the  edges,  forming  a rim,  which  helps  to  preserve  the  upper 
surface  from  being  wetted.  The  upper  epidermis  of  such  float- 
ing leaves  is  often  either  strongly  cuticularised  or  impregnated 
with  a waxy  secretion,  serving  the  same  purpose.  The  leaves 
are  consequently  shiny  in  appearance,  and  water  will  not  adhere 
to  them.  These  floating  leaves  bear  their  stomata  upon  the 
upper  surface  only. 

The  petioles  are  long  and  flexible  and  possess  a peculiar 
power  of  adapting  themselves  to  varying  depths  of  water. 
Should  the  stream  in  which  they  live  become  shallow,  the  leaves 
still  remain  floating,  owing  to  the  power  of  the  petiole  to  become 
curved  ; should  the  water  rise,  the  petioles  respond  by  renewing 
their  growth,  so  as  always  to  keep  pace  with  the  increased 
depth. 

Vegetative  reproduction  is  very  common,  branches  becoming 
detached  from  the  plant,  which  speedily  put  out  adventitious 
roots  of  their  own,  and  form  new  plants. 

From  their  close  relation  to  the  watery  environment  and 
their  power  of  absorbing  liquid  through  their  general  epidermis, 
we  can  easily  explain  the  absence  of  the  woody  tissue.  Their 
transpiration  is  reduced  to  a minimum  or  altogether  suppressed, 
and  there  is,  therefore,  no  need  of  a provision  for  the  rapid 
current  of  water  so  essential  to  the  well-being  of  a terrestrial 
plant.  Their  food  materials  reach  them  dissolved  in  the  water 
in  which  they  live,  and  hence  they  have  no  need  of  the  com- 
plicated root  system  with  its  absorbent  root-hairs,  which  is  so 
characteristic  of  a plant  growing  in  ordinary  soil.  Gaseous 
absorption  takes  place  also  through  the  general  epidermis  as 
well  as  from  the  cells  of  the  lacunar  passages. 

It  is  noteworthy  in  this  connection  that  the  absence  of  the 
transpiration  current  is  associated  with  a comparatively  small 
development  of  the  general  plant  body.  Aquatic  phanerogams 
are  consequently  never  of  large  size. 

The  difference  between  the  two  groups  spoken  of  may  be  well 
seen  in  such  plants  as  C a bomba  , which  bears  both  submerged 
and  floating  leaves.  These  show  respectively  the  characteristics 
described  in  each  case. 

Another  class  of  plants  which  show  a definite  response  in, 
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their  structure  to  the  conditions  in  which  they  live  is  that  to 
which  the  so-called  xerophilous  plants  belong.  These  are 
plants  which  grow  in  sandy  deserts,  exposed  to  great  heat,  and 
frequently  undergoing  long  periods  of  drought.  Those  which 
are  woody  in  habit  show  considerable  tendency  to  diminish  their 
lea  f surface,  probably  to  diminish  evaporation  and  conserve  their 
stock  of  water.  Thus  they  often  have  many  of  their  branches 
transformed  into  thorns  or  spines.  Others  which  contain  but 
little  wood  are  succulent,  and  their  surfaces  are  covered  with  a 
very  thick  and  tough  epidermis,  which  is  strongly  cuticularised. 
Many  of  them  have  leaves  which  show  special  absorbing  struc- 
tures that  are  often  incrusted  with  chalk  or  a cake  of  salt. 
This  becoming  wetted  by  the  dew  gives  up  its  captured  water 
to  the  absorbing  organ  of  the  leaf,  thus  enabling  the  latter  to 
make  use  of  what  in  the  absence  of  this  mechanism  would  be 
lost  to  it.  Many  trees  growing  under  the  same  conditions  secrete 
a kind  of  resinous  balsam,  which  coats  the  surface  of  their  leaves 
and  subserves  a similar  purpose.  The  water  absorbed  in  this 
way  is  very  rarely  pure,  but  contains  traces  of  sulphuric  acid 
and  ammonia,  which,  though  trilling  in  amount,  are  no  doubt 
of  value  in  the  nutritive  processes.  The  adaptation  to  their 
environment  which  these  plants  exhibit  is  thus  chiefly  in  the 
direction  of  economising  a limited  water  supply. 

The  influence  of  the  environment  on  the  form  of  the  plant 
body  can  be  seen  equally  well  in  the  case  of  such  plants  as  grow 
in  Alpine  regions  where  the  cold  is  usually  intense,  and  the  atmo- 
sphere for  long  periods  so  humid  that  transpiration  is  only  pos- 
sible at  times,  and  where,  consequently,  the  absorption  of  food 
materials  is  much  impeded.  The  plants  are  generally  of  com- 
paratively small  size  and  bear  thick,  often  rolled-up,  leaves, 
which  are  evergreen.  The  thick  exterior  and  the  general  hard- 
ness of  the  leaf  arc  a response  to  and  a defence  against  the  cold  ; 
the  rolled-up  leaves  bear  on  their  protected  faces  abundant  sto- 
mata communicating  with  a relatively  large  spongy  mesophyll, 
so  that  transpiration,  when  possible  at  all,  may  be  rapid.  The 
evergreen  leaves  also  are  an  expression  of  the  conflict  against 
the  difficulty  of  the  absorption  of  food  materials,  which  in  such 
atmospheric  conditions  is  possible  for  only  a limited  period  of  the 
year.  By  preserving  its  leaves  green  the  plant  can  take  advantage 
of  every  opportunity  afforded  it. 

Some  lowland  plants  show  a similar  response  to  their  environ- 
ment, the  form  and  structure  of  different  individuals  of  the  same 
species  varying  to  a certain  extent,  according  to  their  advantages 
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or  the  reverse,  in  such  conditions  as  sunlight  or  shade,  drought 
or  moisture,  exposure  to  or  protection  from  cold  winds,  &c. 

Epiphytic  plants  show  some  conspicuous  modifications  of 
their  structure  in  consequence  of  their  peculiar  habit  of  life. 
They  live  usually  upon  the  surfaces  of  trees,  to  which  they  cling 
by  various  means,  but  from  which  they  derive  no  nourishment 
except  such  as  is  afforded  by  accumulations  of  debris,  Ac.,  upon 
the  trunks.  They  are  not  parasitic,  but- merely  live  upon  the 
tree  as  many  other  plants  grow  upon  rocks  or  cliffs.  Mosses  and 
liverworts  are  very  largely  epiphytic,  as  are  certain  species  of 
Phanerogams ; the  latter  are  very  specialised  forms  and  show 
most  adaptation  of  form  and  structure.  Perhaps  the  most 
remarkable  feature  about  them  is  their  aerial  adventitious  roots 
which  are  given  off  in  some  cases  from  every  node  of  the  stem, 
so  that  each  internode  has  its  own  supply.  These  are  often  long 
cord-like  structures  which  are  of  some  thickness,  often  contain 
chloroplasts,  and  are  either  covered  with  a special  epidermal 
development,  or  give  rise  to  dense  masses  of  root-hairs.  In  the 
first  case,  which  is  common  among  epiphytic  orchids,  the  epi- 
dermis is  many  cells  thick,  and  is  known  as  the  velamen.  The 
cells  are  small  tracheids,  with  curious  reticulated  or  spiral 
thickenings  and  often  perforated.  They  are  empty,  or  contain 
only  air,  and  the  velamen  has  consequently  a curious  glisten- 
ing greenish  appearance.  The  mass  of  tracheids  forms  a kind 
of  spongy  covering  to  the  root,  and  is  capable  of  condensing  and 
absorbing  aqueous  vapour  from  the  moist  atmosphere  which 
usually  surrounds  it.  The  second  case  is  illustrated  by  many 
aroids,  and  the  dense  plexus  of  root-hairs  borne  upon  the  aerial 
roots  serves  the  same  purpose  as  the  velamen  of  the  orchids. 
Besides  these  i-oots,  thus  adapted  to  absorb  watery  vapour  from 
the  air,  epiphytes  have  frequently  others  which  are  closely 
applied  to  the  surface  of  the  bark  on  which  they  are  growing. 
These  are  often  strap^shaped,  and  cling  very  closely  to  the  tree, 
absorbing  from  the  bark  the  soluble  products  of  its  decomposition 
and  any  mineral  debris  that  may  be  accidentally  carried  thither. 
The  small  amount  of  such  food  stuffs  available  will  explain  the 
relatively  large  development  of  the  root  system,  which  is  in  much 
greater  proportion  than  in  ordinary  land  plants. 

Parasites  are  another  class  of  plants  that  have  undergone 
much  modification  of  structure  in  consequence  of  their  mode  of 
life.  The  parasitic  habit  is  seen  most  completely  in  the  group 
of  Fungi,  but  it  is  by  no  means  confined  to  them.  We  find  many 
cases  of  partial  or  complete  parasitism  among  flowering  plants. 


458 


MANUAL  OF  BOTANY 


The  fungus  which  is  parasitic  derives  all  its  nourishment 
from  the  plant  or  animal  whose  tissues  it  has  invaded.  Others 
oi  the  same  group  are  not  parasitic,  hut  live  upon  decomposing 
organic  matter,  being  known  as  saprophytes.  Their  mode  of 
nutrition  is,  however,  essentially  the  same.  In  no  case  is 
chlorophyll  present  in  the  plant  body,  a fact  which  causes 
it  to  be  unable  to  utilise  and  work  up  the  food  materials 
which  green  plants  absorb  from  the  air.  Instead  therefore  of 
absorbing  their  carbon  in  the  form  of  carbon  dioxide,  these 
fungi  must  take  it  in  the  form  of  an  organic  compound  of  some 
complexity,  which  is  usually  some  form  of  sugar.  Their 
nitrogen  can  be  absorbed  much  as  that  of  a green  plant, 
but  they  appear  to  utilise  compounds  of  ammonia  in  preference 
to  nitrates.  No  doubt  their  protoplasm  is  ultimately  fed  with 
the  same  materials  as  is  that  of  the  higher  plants,  but  they 
lack  a great  deal  of  the  constructive  power  of  the  latter. 

Associated  with  the  absence  of  the  constructive  processes 
which  depend  upon  the  presence  of  chlorophyll  we  have  a great 
degradation  of  the  plant  structure.  Their  body  is  usually 
composed  chiefly  of  delicate  hyphffi,  which  ramify  in  the 
nutrient  substratum,  either  living  or  dead,  and  which  absorb 
elaborated  products  of  some  complexity  freely  by  their  whole 
surface.  There  is  therefore  no  need  of  differentiated  absorbing 
or  conducting  tissues,  which  are  accordingly  not  developed.  A 
further  consequence  of  the  ease  with  which  they  obtain  then- 
food  is  the  readiness  with  which  vegetative  and  asexual  repro- 
duction is  brought  about ; hence  sexuality  in  many  cases  is  non- 
existent among  them. 

Phanerogams  which  arc  completely  parasitic  show  a similar 
degradation  of  structure.  They  possess  no  chloroplasts,  their 
leaves  are  absent  or  reduced  to  the  condition  of  scales,  while 
their  stems  ai-c  often  thick  and  succulent.  Their  roots  are 
the  so-called  haustoria , which  penetrate  into  the  tissues  of  their 
hosts  and  often  complete  fusion  of  the  tissue  of  the  host  and 
the  parasite  takes  place.  Such  parasites  are  represented  in  the 
British  flora  by  the  Cusculas  and  the  OroianchacecB. 

Many  of  the  plants  belonging  to  the  Santalaccce  and  the 
Scropliulariacece  show  a partial  parasitism  of  this  kind.  They 
have  short  stems  bearing  green  functional  leaves,  but  in  addition 
their  roots  become  attached  by  curious  sucker-like  bodies  to  the 
roots  of  other  plants  growing  near  them,  and  from  these  suckers 
absorbing  cells  are  developed  which  penetrate  into  the  substance 
of  the  hosts  and  draw  nourishment  from  them.  The  Mistletoe 

to 
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behaves  similarly,  striking  its  haustoria  into  the  tissue  of  the 
branches  of  the  Apple,  Oak,  Poplar,  &c. ; but  here  the  parasitism 
is  partly  compensated  by  the  fact  that  its  leaves  remain  green 
when  the  host  has  lost  its  foliage,  and  by  their  activity  they  to 
some  extent  assist  the  tree  on  which  the  Mistletoe  is  growing. 
The  relationship  seems  to  be  almost  one  of  symbiosis  rather 
than  of  parasitism. 

The  habit  of  capturing  insects,  which  we  have  seen  to  be 
characteristic  of  several  plants  of  very  different  forms,  may 
also  be  looked  upon  as  connected  with  their  environment. 
Many  of  them,  as  Drosera,  grow  upon  a substratum  largely 
composed  of  Sphagnum  plants,  which  yield  to  them  a very 
limited  supply  of  nitrogenous  matter  ; others  are  found  growing- 
on  the  surface  of  rocky  mountains,  into  the  chinks  of  the  stones 
of  which  their  roots  penetrate  ; others  again  flourish  in  the 
sandy  soil  of  deserts ; in  all  of  which  situations  compounds 
of  nitrogen  exist  only  in  very  small  amount.  The  organic 
substances  yielded  by  the  decomposing  bodies  of  the  captured 
insects  may  therefore  form  a valuable  supplement  to  the  ordi- 
nary sources  of  nitrogen. 

Besides  these  influences  of  the  environment,  which  are  very 
far-reaching,  and  modify  very  largely  the  shape  and  structure  of 
the  plants  exposed  to  them,  ordinary  terrestrial  plants  also  show 
great  power  of  reacting  to  the  different  external  conditions 
which  they  meet.  These  will  be  considered  in  subsequent 
chapters. 


CHAPTER  XIV. 

THE  RELATION  OF  THE  PLANT  TO  ITS  ENVIRONMENT. 

IRRITABILITY. 

We  have  seen  in  the  last  chapter  that  the  peculiarities  of 
form  and  structure  which  different  plants  present  are  to  be 
associated  with  the  character  of  their  environment.  From 
such  facts  as  were  there  discussed  it  is  evident  that  the  plant  is 
capable  of  receiving  impressions  from  without,  and  responding 
to  them  in  various  ways.  If  we  examine  any  plant  which  does 
not  show  such  marked  adaptation  to  its  surroundings,  we  can 
find  evidence  of  the  possession  of  a similar  power  of  appreciating 
differences  in  its  external  conditions,  and  of  responding  to  them 
in  various  ways.  Thus  when  certain  zoospores  of  some  of  the 
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lower  Alg;e,  which  swim  freely  in  water,  are  suddenly  exposed 
to  a brilliant  light,  thej'  at  once  take  up  a definite  position  with 
regard  to  it.  When  a leaf  of  Mimosa  pudica,  the  so-called  sensi- 
tive plant,  is  roughly  handled,  it  falls  from  its  normal  position 
and  takes  up  a new  one,  while  its  leaflets  become  folded  together ; 
when  a filament  of  Mcsoeavpus  is  exposed  to  an  electric  shock 
sent  through  the  water  in  which  it  is  floating,  it  is  found  not  in- 
frequently that  it  splits  up  into  its  constituent  cells.  This  power 
of  receiving  impressions  from  without  is  inherent  in  the  proto- 
plasm, and  spoken  of  under  the  general  term  irritability. 

Not  only  does  it  depend  upon  the  protoplasm,  but  the  latter 
must  be  in  a healthy  condition  to  manifest  it.  This  healthy 
condition  is  only  possible  when  the  reactions  between  the  plant 
and  its  surroundings  or  environment  are  properly  adjusted. 
The  environment  is  said  accordingly  to  exert  a tonic  influence 
on  the  organism.  The  condition  known  as  tone,  which  is  the 
expression  of  a perfect  adjustment  of  all  such  relations,  is  what 
we  know  as  health.  It  is  usual  to  discriminate  between  the 
different  influences  that  may  affect  a plant,  such  as  light,  tempera- 
ture, moisture,  &c.,  and  to  speak  of  the  proper  adjustment  of 
each  of  these  under  the  names  of  phototonus,  therm otonus,  and 
so  on.  If  any  one  of  these  influences  changes,  the  plant  makes 
an  effort  to  accommodate  itself  to  such  change.  Any  interference 
with  the  condition  of  tone  in  which  a plant  may  be  with  regard  to  a 
particular  influence  constitutes  a stimulus,  and  leads  to  a response 
which  may  take  different  forms  according  to  the  circumstances 
of  the  stimulation.  We  may  consequently  speak  of  the  stimu- 
lating influence  of  light,  temperature,  &c.,  meaning  generally  any 
change  in  such  influences  affecting  a particular  plant. 

It  is  only  when  a satisfactory  condition  of  tone  is  possessed 
by  a plant  that  it  can  manifest  its  irritability.  There  is, 
however,  a considerable  range,  for  stimulation  can  be  received 
and  responded  to  when  tone  is  far  from  perfect.  This  is 
particularly  the  case  with  the  influence  of  light  and  the  condi- 
tion of  phototonus.  In  this  condition  plants  respond  in  various 
ways  to  alterations  not  only  in  light  but  in  other  features  of 
their  environment. 

If  we  consider  the  nature  of  the  environment  in  the  case  of 
ordinary  terrestrial  plants,  we  find  it  usually  as  follows  : the 
root  system  is  imbedded  in  the  soil,  among  the  particles  of 
which  the  young  root-branches  ramify,  and  to  them  the  root- 
hairs  become  firmly  attached  ; the  stein  rises  vertically  into  the 
air  and  bears  its  branches  and  leaves  ; the  latter  are  consequently 
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surrounded  by  air  containing  a varying  amount  of  aqueous 
vapour.  The  aerial  portion  is  subjected  to  the  alternation  of  day 
and  night,  and  during  these  it  meets  with  considerable  varia- 
tions of  temperature  as  well  as  moisture ; the  whole  plant  is 
constantly  acted  upon  by  the  force  of  gravity.  The  subterranean 
parts  also  find  considerable  differences  from  time  to  time  in 
the  temperature  of  the  soil,  the  amount  of  moisture  which  it 
contains,  and  the  scanty  amount  of  light  which  penetrates  into 
the  crevices  between  its  particles.  The  environment,  though  to 
a certain  extent  constant,  is  nevertheless  continually  varying 
in  these  respects.  Particular  plants  are  also  subject  to  other 
disturbances  which  are  more  special  in  their  nature. 

In  considering  the  ways  in  which  these  various  factors 
influence  the  behaviour  of  plants,  we  may  study  first  their 
general  relations  to  fight  of  varying  intensity,  reaching  them 
equally  on  all  sides.  We  find  many  degrees  of  illumination, 
attaining  in  some  cases  an  exceptional  brilliance,  as  when  a 
plant  is  exposed  to  the  rays  of  a tropical  sun.  On  the  other 
hand  we  find  cases  where  a plant  is  growing  in  almost  total 
darkness. 

If  we  consider  first  the  latter  case,  we  find  such  a plant  much 
modified  in  form  and  structure.  The  stem  is  usually  very  much 
elongated  and  remains  slender ; it  is  more  succulent  than  the 
normal  one,  and  bears  extremely  small  leaves  which  grow  out 
from  it  at  a more  acute  angle  than  those  which  it  bears  when 
fight  has  access  to  it.  In  cases  where  the  stem  is  normally 
very  small  and  the  leaves  are  large  and  broad,  the  change  in 
form  is  different.  The  stem  is  but  little  changed,  but  the  leaves 
become  much  elongated  and  narrow.  Certain  phylloclades, 
such  as  those  of  some  of  the  Cacti,  become  elongated  and  slender 
instead  of  being  broad  and  leaflike.  The  structure,  too,  is 
modified ; the  woody  and  sclerenchymatous  elements  are  much 
reduced,  and  the  parenchyma  of  the  cortex  is  increased  in  bulk. 
It  becomes  more  succulent,  and  the  inaction  of  its  sap  is  much 
more  acid.  The  chloroplasts  do  not  become  green,  the  pigment 
which  they  contain,  known  as  etiolin,  being  a pale  yellow. 
In  the  leaves  the  differentiation  of  the  mesophyll  into  palisade 
and  spongy  parenchyma  does  not  take  place.  The  parenchyma- 
tous cells  of  the  ground  tissue  of  the  stem  usually  become 
considerably  elongated  ; they  have,  indeed,  grown  much  more 
than  when  the  plant  receives  the  normal  amount  of  illumination. 
Plants  thus  affected  by  darkness  are  said  to  be  etiolated. 

That  these  changes  are  to  be  attributed  to  the  absence  of 
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the  light  can  he  seen  by  comparing  two  similar  plants,  the  first 
cultivated  in  darkness  and  the  second  under  ordinary  conditions 
of  illumination,  the  other  conditions  being  kept  the  same  for  both. 

The  explanation  of  the  changes  is  somewhat  difficult.  The 
absence  of  light  is  clearly  the  cause  of  the  different  colour,  for  we 
have  seen  that,  under  such  conditions,  the  pigment  chlorophyll 
is  not  formed,  but  is  replaced  by  the  yellow  etiolin.  When  an 
etiolated  plant  is  exposed  to  light,  the  etiolin  is  shortly  replaced 
by  chlorophyll  and  the  plant  becomes  green.  Etiolin  appears, 
indeed,  to  be  the  antecedent  of  chlorophyll.  The  question  of 
the  non -development  of  the  woody  elements  and  the  generally 
increased  succulence  is  more  difficult  to  explain,  and  many 
hypotheses  have  been  advanced  to  account  for  it.  There  is  a 
change  in  the  metabolism,  evidently,  as  shown  by  the  greater 
production  of  organic  acids,  to  the  osmotic  properties  of  which 
the  increased  succulence  is  partly  due.  The  reason  for  this 
change  of  metabolism  is,  however,  not  explained.  Diminished 
transpiration  may,  perhaps,  account  for  a good  deal,  for,  as  we 
have  seen,  in  the  absence  of  light  there  is  but  little  output  of 
watery  vapour. 

It  is  significant  in  this  connection  that  the  parts  which  show 
the  excessive  growth  are  in  all  cases  those  in  which  the  water 
accumulates  as  transpiration  becomes  checked.  The  effect 
must,  however,  ultimately  depend  upon  the  protoplasm,  which 
wo  have  seen  regulates  all  these  functions,  and  which  is  pro- 
foundly susceptible  to  the  influence  of  the  altered  conditions. 

If  we  now  examine  the  effects  of  too  brilliant  an  illumination, 
we  find  other  changes  taking  place.  Many  plants  which  normally 
have  their  leaves  so  arranged  as  to  expose  their  upper  surfaces 
to  the  incident  rays  are  found  under  bright  sunlight  to  place 
them  so  that  their  edges  and  not  their  surfaces  receive  the  light. 
This  phenomenon  has  been  called  Paraheliotr opium.  The  effect 
is  to  preserve  the  chlorophyll  from  the  destruction  which  follows 
upon  too  bright  an  illumination. 

Another  phenomenon,  having  for  its  purpose  the  protection 
of  the  chlorophyll,  can  be  seen  in  many  ordinary  dorsiventral 
leaves.  When  brilliantly  illuminated  they  are  of  a lighter 
green  colour  than  when  shaded,  and  this  is  found  to  be  due  to  a 
different  arrangement  of  the  chloroplasts  in  the  two  cases.  In 
the  leaf  exposed  to  diffused  light  these  are  collected  on  the 
upper  and  lower  walls  of  the  superficial  cells,  and  they  present 
their  broader  surfaces  to  the  incident  rays.  When  the  light  is  cut 
off  altogether  for  a considerable  time  and  other  conditions  are 
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unfavourable,  they  collect  on  the  lateral  and  lower  walls.  In 
the  illuminated  leaf  they  are  found  to  have  partially  rotated  so 
as  to  present  their  edges  instead  of  their  surfaces  to  the  light, 
and  to  have  collected  upon  the  lateral  walls.  In  the  first 
case  the  chloroplasts  lie  parallel  to  the  surface  of  the  organ  ; in 
the  last  they  are  at  right  angles  to  the  surface.  These  two 
conditions  are  known  as  epistrophe  and  apostrophe  respectively. 
When  the  conditions  of  the  incidence  of  the  light  are  altered, 
the  chloroplasts  change  their  positions  accordingly.  We  see  in 
these  phenomena  a power  of  the  protoplasm  to  respond  to  an 
increase  of  illumination  in  such  a way  as  to  protect  the  plant 
from  injurious  consequences. 

The  effect  of  light  upon  structure  also  can  be  noted  in  the 
case  of  such  leaves  as  are  brightly  illuminated ; the  palisade 
parenchyma  being  much  more  fully  developed  than  hi  leaves 
which  have  grown  in  the  shade.  Indeed,  the  differentiation  of 
the  mesophyll  into  palisade  and  spongy  parenchyma  may  be 
traced  to  the  difference  of  illumination  which  the  two  faces 
receive,  for  when  both  are  equally  well  lighted  the  palisade  paren- 
chyma appears  on  both  sides,  while  some  etiolated  leaves,  as  we 
have  seen,  do  not  develop  this  tissue  at  all. 

From  a general  consideration  of  the  facts  briefly  summarised 
above  we  may  come  to  the  conclusion  that  light  tends  to  retard 
growth  in  length.  This  is  definitely  borne  out  by  actual 
measurements  of  growing  organs  which  have  been  simultaneously 
cultivated  under  the  two  conditions  of  light  and  darkness.  This 
action  of  light  is  sometimes  spoken  of  as  a ‘ paratonic  ’ influ- 
ence. It  has  been  further  ascertained  that  the  rays  of  the 
spectrum  which  exercise  this  influence  are  those  of  high  re- 
frangibility,  the  blue  and  violet.  To  these  rays  the  protoplasm 
seems  to  be  excessively  sensitive.  No  mere  physical  explanation, 
such  as  a dependence  on  turgidity,  or  change  in  mode  of  nutri- 
tion, is  sufficient  to  account  for  the  facts  observed  ; they  can 
only  be  referred  to  the  power  of  the  protoplasm  to  respond  to 
the  influence  of  the  environment. 

Rhythmic  differences  in  the  intensity  of  the  illumination  to 
which  a plant  is  exposed,  in  some  cases,  exercise  a very  powerful 
influence  on  the  behaviour  of  its  leaves.  This  is  best  seen 
in  those  plants  whose  leaves  assiune  different  positions  during 
the  day  and  the  night.  The  sensitiveness  to  the  alternation 
of  light  and  darkness  is  not  confined  to  ordinary  foliage  leaves, 
but  in  many  cases  is  shared  by  cotyledons  also.  The  degree 
of  sensitiveness  varies  greatly  in  different  plants. 
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This  form  of  irritability  is  manifested  in  a very  great  degree 
by  many  of  the  Leguminosse.  Mimosa  pudica  is  perhaps  the 
most  noteworthy  of  them  all.  When  this  plant  is  removed  from 
light  to  darkness  its  leaflets  close  ; on  being  restored  to  light 
they  open  again,  bnt  little  time  intervening  before  the  change 
of  position  is  assumed  in  either  case.  Another  very  good 
instance  is  afforded  by  Desmodium  gyrans,  the  so-called  tele- 
graph plant.  During  the  day  its  leaves  are  extended  almost 
at  right  angles  to  the  stem  (fig.  1241  a)  ; as  night  draws  on  the 


Fig.  1241. 


/■'hi  jo.il  Orsmut/itim  i/yranf.  a.  Stem  with  leaves  during  the  day.  h.  A 
similar  stem  with  leaves  in  the  nocturnal  position,  pointing  downwards. 
(After  Darwin.) 


terminal  leaflets  droop  until  they  assume  a position  almost  or 
quite  parallel  to  the  stem  (fig.  1241  b).  Many  others  assume  still 
more  curious  positions,  in  some  cases  becoming  twisted  on  their 
petioles  or  folded  together  in  various  ways.  In  some,  as  in 
Nicotiana  glaucu  (fig.  1242),  they  rise  instead  of  falling,  and 
become  somewhat  closely  approximated  to  each  other. 

These  changes  of  position  are  generally  spoken  of  as 
nyctitropic  or  sleep  movements,  though  the  latter  term  is 
misleading  if  it  be  interpreted  to  mean  a sleep  similar  to  that  of 
animals.  It  is  not  difficult  to  prove  that  these  curious  move- 
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ments  arc  effected  in  response  to  the  stimulus  of  the  alternation 
of  light  and  darkness,  or  to  a rhythmic  difference  in  the  amount 
of  light  which  they  receive.  When  a plant  which  changes 
the  position  of  its  leaves  as  described  is  placed  for  a time 
in  darkness,  the  periodic  movement  is  soon  very  muhe 
interfered  with,  and  it  ultimately  stops.  The  cessation  is  not, 
however,  abrupt,  but  in  most  plants  the  movements  will  continue 
for  at  least  a day.  Plants,  again,  which  are  found  in  other 
countries  to  show  this  sensibility  will  when  cultivated  in  England 


Fig.  124-2. 


Hu.  1212.  Sicotinnu  i/lauca.  A.  Shoots  with  leaves  expanded  during  the 
day.  is.  The  same  isi  the  nocturnal  position,  pointing  vertically  upwards. 
(After  Darwin.) 

perform  the  movements  at  the  normal  hours  and  not  at  times 
corresponding  to  day  and  night  in  the  countries  from  which 
they  come.  Nor  is  it  the  mere  alternation  of  day  and  night ; it 
is  rather  the  difference  between  the  illumination  they  receive 
during  the  two  periods  that  serves  as  the  stimulus,  for  some  of 
them  will  not  assume  the  nocturnal  position  unless  they  have 
been  brilliantly  illuminated  during  the  day.  The  degree  of  sen- 
sitiveness in  this  case  is  not  so  great  as  in  those  where  the  diurnal 
and  nocturnal  positions  are  always  regularly  assumed. 
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The  peculiar  movements  which  the  leaves  perform  in  response 
to  the  stimulus  are  brought  about  by  different  mechanisms  in  dif- 
ferent cases.  In  young  leaves  they  are  attendant  upon  growth, 
and  are  brought  about  by  variations  of  turgescence  upon  the  two 
sides  of  the  leaf  or  its  petiole,  which  are  frequently  followed  by 
growth.  We  have  seen  that  during growth  the  internal  turgescence 
varies  a good  deal  and  leads  to  the  curious  movements  of  nutation 
or  circumnutation.  The  actual  nyctitropic  movement  is  in  these 
cases  a modification  of  the  extent  of  the  circumnutation  and 
takes  place  in  response  to  the  stimulus.  Those  leaves  which 
show  it  can  be  seen  by  careful  observation  to  be  circumnutating 
during  the  day.  When  they  assume  their  nocturnal  position  it 
is  generally  effected  by  their  describing  a much  longer  ellipse 
than  during  their  ordinary  movement.  In  some  cases  only  a 
single  ellipse  is  described  during  the  twenty-four  hours  ; in 
others  two  ellipses,  the  nyctitropic  one  being  much  the  greater 
in  amplitude.  In  yet  other  cases  several  ellipses  may  be  de- 
scribed in  the  same  time.  Adult  leaves  which  show  this  move- 
ment do  so  by  virtue  of  a special  pulvinus,  or  development  of  the 
hypopodium.  This  assumes  greater  turgidity  alternately  on  its 
two  faces,  causing  the  leaf  to  droop  and  to  rise  accordingly.  These 
leaves  generally  show  the  movement  for  a much  longer  period 
than  those  in  which  it  is  brought  about  by  variations  of  tur- 
gescence followed  sometimes  by  growth.  This  follows  from  the 
fact  that  the  growth  of  leaves  is  not  as  a rule  very  prolonged. 

That  these  movements  arc  essentially  dependent  on  tho 
power  of  the  protoplasm  to  receive  impressions  from  without  can 
be  seen  from  a study  of  the  conditions  under  which  they  are  per- 
formed. When  the  soil  is  too  dry,  or  when  from  any  other  cause 
the  protoplasm  in  the  cells  is  not  supplied  with  water  in  suf- 
ficient quantity,  they  cease.  When  the  temperature  is  too  low 
they  are  interfered  with.  Violent  disturbance  of  the  protoplasm 
by  shaking  the  plant  will  in  some  cases  prevent  their  occurrence 
for  one  or  two  nights. 

The  purpose  of  the  movement  is  probably  to  protect  the 
delicate  leaves  from  excessive  radiation,  which  affects  them  very 
prejudicially.  Their  upper  surfaces  are  especially  liable  to  be 
injured  in  this  way,  and  it  is  noteworthy  that  in  all  cases  these 
surfaces  are  most  sheltered  when  they  take  up  their  nocturnal 
positions.  Often  the  upper  surfaces  of  leaflets  are  then  closely 
approximated  together;  in  Bauhinia  the  leaf  folds  upon  its 
midrib  as  an  axis,  so  as  to  hide  completely  the  ventral  face. 

The  relation  of  the  plant  to  temperature  may  next  be  con- 
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sidered.  Plants  are  affected  by  variations  in  temperature  in 
ways  very  similar  to  those  depending  on  changes  in  light. 
In  this  case  again  we  may  discriminate  between  a tonic  and 
a stimulating  influence,  though  both  these  afford  evidence 
of  the  ability  of  the  plant  to  receive  impressions  from  its 
environment,  and  to  respond  to  them  in  various  ways.  It  is  not, 
however,  always  easy  to  ascertain  the  effects  due  to  changes  in 
temperature  alone,  as  usually  other  conditions,  such  as  light  and 
moisture,  vary  at  the  same  time  as  the  temperature  changes. 

As  we  have  seen,  the  environment  of  the  plant  is  partly  the 
soil  and  partly  the  atmosphere,  and  the  temperature  of  both  may 
or  may  not  vary  simultaneously.  The  tonic  effects  of  differ- 
ences in  the  aerial  temperature  have  already  been  alluded 
to  more  than  once  in  discussing  the  metabolic  processes. 
There  is  for  each  of  these  a particular  temperature  at  which 
it  progresses  to  the  greatest  advantage.  At  lower  and  at 
higher  points  the  protoplasm  is  less  active,  and  in  each  case 
there  is  a point  below  which  activity  ceases,  and  one  above 
which  also  it  does  not  go  on.  The  same  thing  is  true  of  the 
processes  of  growth.  We  call  these  points  respectively  the 
optimum,  the  minimum,  and  the  maximum  temperatures  for 
each  function.  They  vary  for  different  functions,  and  they 
vary  also  for  the  same  function  in  different  plants.  We  have 
said  that  this  may  be  called  a tonic  influence,  causing  a more 
or  less  perfect  condition  of  thermotonus  ; the  manifestation  of 
it  is  seen  constantly,  and  it  modifies  not  only  the  functions 
under  consideration,  but  also  the  general  power  of  the  plant  to 
appreciate  all  the  special  stimulations  that  it  from  tune  to  time 
receives.  We  cannot  say  definitely  how  it  affects  the  protoplasm, 
but  the  constant  round  of  activity,  chemical  and  physical,  which 
constitutes  its  life,  goes  on  for  some  reason  best  at  the  optimum 
temperature,  and  is  altogether  suspended  at  the  minimum 
one.  At  the  maximum  temperature  the  death  of  the  protoplasm 
generally  ensues.  The  average  points  of  minimum,  optimum, 
and  maximum  temperature  in  the  case  of  metabolism  are  about 
10°,  30°,  and  50°  C.,  though  a good  deal  of  difference  can  be 
seen  in  different  plants.  The  points  observable  for  growth  are 
slightly  lower  than  those  noticed  for  metabolism. 

Variation  in  the  temperature  of  the  soil  has  a considerable 
influence  on  the  absorption  of  water  by  the  root-hairs,  and 
indirectly  on  the  process  of  transpiration.  It  has  been  found 
experimentally  that  warming  the  soil  is  attended  by  an  increase 
in  the  activity  of  both  these  functions.  As  the  absorption  of 
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water  by  the  root-hairs  is  regulated  by  the  protoplasm  they 
contain,  it  is  evident  that  this  variation  in  activity  is  the  ex- 
pression of  a form  of  irritability  which  it  possesses. 

An  instance  of  the  stimulating  influence  of  variation  in 
temperature  is  seen  in  the  opening  and  closing  of  many  flowers. 
Generally  these  are  found  to  open  in  the  morning  and  to  close 
at  night,  a behaviour  which  is  very  similar  to  that  of  leaves 
showing  nyctitropic  movements.  While  the  leaves  described 
above  respond  readily  to  variations  in  the  degree  of  illumina- 
tion, flowers  seem  to  be  largely  uninfluenced  by  these,  but  to 
respond  rather  to  the  differences  in  the  temperature  accompany- 
ing them.  The  variations,  to  be  effective,  must  lie,  however, 
within  the  range  already  indicated  as  being  necessary  for  the 
manifestation  of  irritability  at  all.  The  response  made  by  the 
floral  leaves  seems,  as  in  the  case  of  the  foliage  ones,  to  take 
the  form  of  varying  turgescence  of  the  two  sides  of  the  growing 
part,  followed  in  many  cases  by  actual  growth. 


CHAPTEB  XY. 

SPECIAL  SENSITIVENESS  AND  ITS  RESULTS. 

Besides  the  general  reactions  of  protoplasm  to  variations  in 
those  features  of  the  environment  which  affect  more  or  less  the 
whole  plant,  we  find  instances  of  special  sensitiveness  in  various 
parts  to  influences  which  are  not  appreciated  by  the  whole  of 
the  living  substance.  Of  these  the  most  prominent  are  lateral 
light,  gravity,  contact  with  foreign  bodies,  and  moisture.  One 
or  two  other  cases  of  special  sensitiveness  affecting  only  par- 
ticular organisms  may  also  be  discussed. 

Lateral  Light. — The  effect  of  the  lateral  incidence  of  light 
may  be  studied  very  easily  in  the  case  of  young  seedlings.  When 
these  are  so  placed  that  rays  from  a light-source  illuminate  one 
side  of  their  stem,  very  soon  a curvature  is  apparent  in  the  part 
which  is  actively  growing.  This  is  of  such  a nature  as  to  place 
the  axis  of  the  plant  in  a position  parallel  to  the  incident  rays. 
It  manifests  itself  sometimes  very  rapidly,  at  other  times  more 
slowlv.  This  response  to  a lateral  stimulation  is  not  confined 
to  the  stems  of  seedlings,  but  may  be  seen  to  a greater  or  less 
degree  in  many  adult  plants.  It  is  a matter  of  common  obser- 
vation that  geraniums  grown  in  a window  all  bend  their  stems 
towards  the  illuminated  side. 
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The  same  stimulus  may  also  produce  in  other  cases  the 
opposite  effect.  When  a young  root  is  exposed  to  it,  it  curves 
so  as  to  place  itself  in  the  same  position  with  regard  to  the 
incident  rays,  but  with  its  growing  apex  placed  in  the  opposite 
direction.  Stems  are  said  accordingly  to  grow  towards,  and 
roots  away  from,  the  light-source.  This  behaviour  is  not, 
however,  confined  to  roots  ; it  is  exhibited  by  the  tendrils  of 
Bignonia  capreolata , by  the  peduncles  of  Cyclamen  persicum, 
and  by  many  other  organs. 

Leaves  in  many  cases  show  a similar  sensitiveness,  but  the 
position  they  assume  is  different  again.  They  place  themselves 
so  as  to  present  their  upper  surfaces  at  right  angles  to  the 
incident  rays. 

These  three  movements  in  response  to  the  stimulus  of  the 
lateral  light  are  spoken  of  as  heliotropism,  apheliotropism,  and 
diaheliotropism  respectively.  The  advantages  thus  secured  are 
in  some  cases  very  obvious ; the  heliotropism  of  the  stem 
places  its  leaves  in  the  most  favourable  position  for  the  action 
of  the  chlorophyll  in  decomposing  the  carbon  dioxide  they 
absorb  ; the  apheliotropism  of  the  root  assists  it  in  penetrating 
into  the  crevices  of  the  soil.  The  tendrils  of  Bignonia  are  aided 
by  it  in  coming  into  contact  with  a support  about  which  they 
may  twine,  while  the  apheliotropism  of  the  peduncles  of 
Cyclamen,  which  are  bent  downwards  in  a hooked  fashion, 
enables  them  to  grow  towards  the  soil,  into  which  they  press 
the  capsule,  thus  burying  the  seeds. 

The  response  to  the  stimulus  varies  sometimes  with  the  age 
of  the  organ.  The  hypocotyl  of  the  Ivy  is  heliotropic  when 
young,  but  becomes  apheliotropic  when  old. 

The  sensitiveness  varies  very  greatly  in  different  organs. 
Some  of  the  seedlings  of  Phalaris  examined  by  Darwin  responded 
to  such  a feeble  degree  of  illumination  that  it  was  hardly 
sufficient  to  cast  the  sliadow  of  a pencil  upon  a piece  of  white 
paper  held  close  behind  it.  The  rapidity  of  the  response  also 
varies,  some  organs  bending  almost  immediately,  while  others 
do  so  much  more  slowly.  To  this  point  we  shall  return  later. 
The  movement  of  apheliotropism  is  usually  much  slower  than 
that  of  heliotropism. 

The  bending  is  not  caused  by  a direct  interference  of  the 
light  with  the  actual  growing  part.  It  would  seem  at  first  as  if 
the  retarding  effort  of  light  upon  growth  might  explain  the 
bending  of  the  organ  towards  the  light-source,  the  non-illu- 
minated  side  continuing  to  grow  while  the  illuminated  one  is 
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checked.  This  explanation  is  directly  contradicted  by  the 
phenomenon  of  apheliotropism  as  exhibited  by  a root.  It  is 
moreover  proved  to  be  an  insufficient  explanation  by  the  fact 
that  the  part  which  is  sensitive  to  the  stimulus  is  not  the  part 
which  actually  bends.  Darwin  showed  this  by  amputating 
a small  region  about  -1  inch  in  length  from  the  tip  of  the 
seedling,  or  by  lightly  covering  the  same  part  with  an  opaque 
cap,  when  he  found  that  the  heliotropic  curvature  did  not  take 
place.  Further,  when  the  part  normally  curving  under  the 
influence  of  the  stimulus  is  mechanically  hindered  from  bending, 
the  curvature  takes  place  at  a part  a little  lower  down,  which 
normally  remains  straight. 

When  the  lateral  light  is  fairly  intense,  the  resulting  move- 
ment takes  place  uninterruptedly  ; when  it  is  only  weak,  the 
position  is  assumed  by  a series  of  zigzag  movements,  indicating 
that  the  new  movement  is  an  exaggeration  of  the  ordinary 
circumnutation  of  the  part.  When  the  final  position  is  reached 
the  organ  is  found  to  circumnutate  about  the  new  direction  of 
the  axis. 

A somewhat  similar  response  to  a,  lateral  light  is  exhibited  by 
many  unicellular  organisms.  When  those  are  exposed  to  oblique 
illumination  they  take  up  a definite  position  with  regard  to  the 
incident  rays,  placing  their  long  axis  parallel  to  them  if  the  light 
is  weak,  and  at  right  angles  to  them  if  it  is  intense.  This 
behaviour  is  known  as  Photoiaxia ; it  is  exhibited  by  the 
zoospores  of  many  of  the  Alga;  and  by  certain  Desmids. 

Gravity. — The  force  of  gravity  exerts  an  influence  upon 
plants  somewhat  resembling  that  of  lateral  illumination.  Thus 
most  stems  grow  vertically  upwards  into  the  air;  primary  roots 
grow  vertically  downwards  into  the  soil.  A few  organs,  such  as 
certain  rhizomes,  the  stolons  of  many  plants,  and  most  secondary 
roots,  grow  at  right  angles  to  the  direction  of  gravity.  When  one 
of  these  is  placed  at  an  angle  from  the  position  it  usually 
takes,  a curvature  of  the  growing  region  results,  which  lasts  till 
the  normal  attitude  is  regained.  When  a young  seedling  is 
detached  from  the  earth  and  laid  upon  its  side,  the  stem 
gradually  curves  through  an  angle  of  90°  and  becomes  erect, 
while  the  young  root  curves  in  the  opposite  direction  till  it 
points  vertically  downwards.  Similarly  when  a stolon  is  placed 
vertically,  its  apex  is  slowly  deflected  until  it  is  parallel  with  the 
soil.  These  movements  are  termed  apogeotropum,  geotropism , 
and  diageotropiam  respectively. 

To  prove  these  movements  to  be  responses  to  the  stimulus 


GEOTROPIKM 


471 


of  gravity,  it  is  necessary  to  eliminate  the  action  of  the  latter 
force  and  to  observe  the  direction  of  growth  under  the  new  con- 
ditions. This  can  be  done  by  causing  the  plant  to  grow  upon 
an  apparatus  known  as  a Klinostat,  which  is  a wheel  rotating 
upon  a horizontal  axis  at  a regular  rate,  a complete  revolution 
being  made  in  about  twenty  minutes.  The  plant  is  placed  in  a 
horizontal  position  on  the  revolving  wheel,  so  that  each  side  of 
the  axis  comes  alternately  under  the  influence  of  the  force.  All 
parts  of  it  are  so  affected  equally,  and  it  is  found  that  then  no 
curvature  of  the  horizontal  axis  of  the  plant  occurs  in  either 
direction.  Another  experiment,  due  to  Knight,  pointing  to  the 
same  conclusion,  is  that  of  growing  a plant  upon  a rapidly  re- 
volving wheel  mounted  on  a vertical  axis.  When  the  wheel 
revolves  sufficiently  rapidly,  though  the  plant  is  exposed  all  the 
time  to  the  action  of  gravity,  the  centrifugal  force  of  the  apparatus 
is  so  much  greater  than  the  force  of  gravity  that  the  plant  does 
not  respond  to  the  latter.  Instead,  it  responds  to  the  stimulus  of 
the  rapid  rotation,  and  the  roots  grow  outwards  from  the  centre  of 
the  wheel,  while  the  stem  grows  inwards  towards  it.  The  force 
acts  much  like  that  of  gravity,  and  the  plant  responds  to  it  in  a 
similar  way,  the  root  growing  in  the  direction  of  the  force  and 
the  stem  in  one  opposite  to  it. 

As  in  the  case  of  heliotropism,  the  part  which  receives  or  is 
sensitive  to  the  stimulus  is  not  the  part  which  curves.  In  the 
case  of  a root  it  has  been  demonstrated  by  Darwin,  and  more 
recently  by  Pfeffer,  that  the  sensitive  part  is  the  tip,  while  the 
curvature  is  some  distance  further  back,  where  active  growth  is 
taking  place. 

As  in  the  former  case,  the  movement  of  geotropism  or 
apogeotropism  is  not  confined  to  growing  organs.  When  the 
haulm  of  a grass  is  placed  horizontally  on  the  ground,  as  is  the 
case  when  a patch  of  wheat  or  other  grass  is  beaten  down  by 
wind  or  storm,  it  after  a time  again  becomes  erect.  The  new 
position  is  due  to  the  renewal  of  growth  on  the  under  side  of  the 
swollen  nodes,  which  is  excited  by  the  stimulus  and  proceeds 
till  the  stem  is  again  vertical. 

As  in  the  case  of  heliotropism,  the  sensitiveness  varies  very 
much  in  different  plants.  The  movement  is  usually  a modifica- 
tion of  circumnutation. 

Contact  with  a foreign  Body. — Many  instances  of  sensitive- 
ness to  this  form  of  stimulus  have  been  observed.  When  a leaf 
of  Mimosa  pudica  is  handled,  the  leaflets  all  droop  downwards 
with  great  suddenness,  and  if  the  handling  is  very  rough  all 
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the  leaves  on  the  plant  behave  similarly.  When  a stamen  of 
Berberis  is  touched  at  a point  a little  below  the  anther,  the 
whole  stamen  bends  forwards  towards  the  pistil.  The  stigma 
of  Mimulus,  which  is  normally  composed  of  two  lobes  extending 
outwards  from  each  other,  will,  if  either  lobe  is  touched  with 
a fine  point,  close,  so  that  the  upper  surfaces  come  into  contact 
with  each  other.  When  an  insect  alights  on  the  surface  of  a leaf  of 
Drosera,  the  tentacles  with  which  it  is  furnished  slowly  curl  over 
so  that  their  terminal  glands  are  brought  together  at  the  point  of 
irritation ; and  at  the  same  time  the  glands  pour  out  a viscid, 
slightly  acid  secretion  which  is  capable  of  digesting  the  proteids 
of  the  insect’s  body.  The  leaf  of  Dioncea , the  Venus’s  fly-trap, 
which  is  normally  widely  expanded,  closes  with  great  rapidity 
when  one  of  the  six  sensitive  hairs  which  spring  from  its  upper 
surface  is  touched.  The  leaf  closes  as  if  the  midrib  were  a 
hinge,  approximating  the  upper  surfaces  on  each  side  so  as  to 
imprison  the  body  which  touches  it. 

This  form  of  sensitiveness  is  peculiarly  characteristic  of  the 
growing  apex  of  young  roots.  If  a seedling  bean  is  taken, 
and  a small  piece  of  cardboard  is  attached  to  one  side  of  the 
tip,  a curvature  speedily  results  which  causes  the  root  to  bend 
away  from  the  irritating  body.  If  the  movement  takes  the 
sensitive  part  away  from  the  latter,  the  curvature  is  slight,  but 
if,  as  in  the  experiment,  the  foreign  body  accompanies  it  in  its 
displacement,  the  curvature  will  continue  until  the  root  is  coiled 
completely  round.  The  stimulus  in  the  case  of  this  movement 
must  be  prolonged,  differing  thus  from  the  cases  noted  above, 
where  a mere  touch  is  sufficient  to  bring  it  about. 

The  cause  of  the  curvature  must  be  the  sensitiveness  of  the 
protoplasm  to  the  stimulus  of  contact.  The  movement  cannot 
result  from  any  injury  done  to  the  cells  causing  a hindrance  to 
growth,  for  if  this  were  the  case  the  curvature  would  be  towards 
the  body  touching  the  root,  whereas  it  is  in  the  opposite  direction. 
If  the  cells  of  the  side  of  the  root  at  some  distance  from  the  tip 
are  stimulated  in  this  way,  the  curvature  is  round  the  stimulating 
body  and  not  away  from  it.  This  may  very  likely  be  due  to 
such  a mechanical  hindrance  of  the  growth.  In  the  first  case, 
moreover,  the  part  which  shows  the  curvature  is  not  the  part 
irritated,  but  a region  some  little  distance  further  back. 

Perhaps  the  best  instance  of  this  susceptibility  to  slight 
contact  is  afforded  by  the  behaviour  of  tendrils,  the  twining  of 
these  organs  round  their  supports  being  altogether  due  to  it. 
A very  slight  touch  is  sufficient  to  bring  about  a perceptible 
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curvature ; in  the  case  of  the  tendrils  of  Passiflora  gracilis, 
indeed,  Darwin  found  that  the  contact  of  a small  loop  of  thread 
weighing  not  more  than  g1.,  grain  induced  it,  while  a mere  touch 
caused  one  to  assume  the  form  of  a helix  in  about  two  minutes. 
This  is  perhaps  the  most  sensitive  tendril  known  ; with  others  a 
stronger  stimulus  is  needed  and  the  time  taken  for  the  response 
is  longer,  the  irritability  varying  greatly.  The  behaviour  of 
tendrils  in  twining  is  somewhat  peculiar.  When  young  they 
are  generally  circumnutating,  and  if  in  their  movement  they 
come  into  contact  with  any  foreign  body  they  begin  to  curve 
towards  it.  If  the  contact  be  not  prolonged,  the  tendril  will 
curve  for  some  time,  but  will  ultimately  become  straight  again 
and  move  as  before,  till  it  touches  something  else.  If,  on  the 
other  hand,  the  body  first  touched  is  one  round  which  the 
tendril  can  twine,  it  coils  itself  round  it;  the  stimulus  thus 
persists  and  the  resulting  curvature  increases  it,  till  the  support 
is  encircled  many  times  by  the  sensitive  twiner.  The  coiling  is 
seldom  confined  to  the  part  of  the  tendril  in  contact  with  the 
support,  but  the  free  part  between  the  latter  and  the  axis  of 
the  plant  also  twists  itself  into  a spiral  coil.  If  the  two  be  not 
very  close  together,  this  spiral  usually  shows  two  parts,  the  coils 
of  which  are  in  opposite  directions.  This  is,  however,  only 
because  the  filamentous  body  is  attached  at  both  ends. 

The  tendril,  though  thus  sensitive  to  contact,  does  not 
coil,  according  to  Darwin,  if  its  sensitive  surface  is  struck  by 
drops  of  rain,  nor  in  the  case  of  the  Passiflora  already  alluded 
to,  if  contact  takes  place  between  two  tendrils. 

The  sensitive  region  varies  in  different  tendrils,  but  it 
cannot  be  so  strictly  localised  as  in  the  case  of  the  growing  root. 
They  are  usually  irritable  on  one  side  only,  which  is  slightly 
concave,  though  in  some  cases  the  sensitiveness  extends  all 
round  them.  The  lower  part  of  the  tendril  is,  as  a rule,  only 
sensitive  to  prolonged  contact.  Their  susceptibility  further 
varies  with  their  age,  being  greatest  when  they  are  about  three 
parts  grown.  The  part  which  first  responds  to  the  stimulus  is 
usually  the  part  touched,  but,  as  we  have  seen,  the  coiling  also 
takes  place  nearer  their  bases,  so  that  we  have  an  evident 
transmission  of  the  stimulus  backwards,  as  in  other  cases 
noted.  The  method  of  response  is  usually  increased  turgidity 
upon  the  convex  side  followed  by  greater  growth,  though  in  cer- 
tain cases  careful  measurement  has  shown  that  the  concave  side 
becomes  perceptibly  shorter. 

This  sensitiveness  to  contact,  which  is  so  markedly  shown 
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by  tendrils,  is  possessed  also,  though  to  a much  smaller  extent,  by 
most  climbing  stems,  whose  behaviour  has  already  been  described. 
It  is  shown,  again,  by  the  parasite  Cuscuta,  whose  stem  twines 
round  those  of  other  plants  growing  near  its  germinating  seeds, 
and  whose  haustoria  ultimately  penetrate  them.  Twining 
petioles  of  similar  behaviour  are  also  met  with. 

Another  form  of  irritability  is  exhibited  by  growing  shoots, 
which  is  perhaps  somewhat  akin  to  sensitiveness  to  contact.  If 
a shoot  be  struck  laterally  several  times  near  its  base,  its  apex 
curves  over  towards  the  side  struck.  If  the  blows  be  given  near 
the  apex,  the  curvature  is  in  the  opposite  direction. 

The  mechanism  whereby  the  response  to  the  stimulus  of 
contact  is  brought  about  in  growing  organs,  we  have  seen  to  be 
an  increased  turgidity  on  the  convex  side,  followed  by  growth. 
In  those  cases  in  which  the  organ  is  mature,  it  is  evident 
that  growth  can  have  nothing  to  do  with  the  movement.  In 
these  instances  we  have  rather  to  do  with  a modification  of 
turgesccnce,  involving  a redistribution  of  the  water  contained  in 
the  organ.  The  falling  of  the  leaflets  and  leaves  of  Mimosa  is 
due  to  a sudden  chango  in  the  protoplasm  of  the  cells  in  the- 
lower  side  of  its  pulvinus,  in  consequence  of  which  water 
escapes  from  them  into  the  intercellular  spaces  between  them. 
It  is  attended  by  a change  of  colour,  the  pulvinus  becoming  of 
a deeper  green  in  consequence  of  the  replacement  of  air  there  by 
water.  If  a leaf  be  cut  off,  and  after  the  plant  has  recovered  from 
the  effects  of  the  injury  an  adjacent  leaf  be  sharply  stimulated, 
water  is  seen  to  exude  from  the  cut  surface  of  the  pulvinus. 
The  cases  of  the  irritable  stamens  and  stigmas  are  probably  to 
be  explained  similarly.  The  closing  of  the  leaf  of  Diontea  is 
due  also  to  a redistribution  of  the  water  in  the  cells,  brought 
about  by  a rapid  change  in  the  protoplasm  somewhat  perhaps 
akin  to  contraction.  In  Drosera  the  inflexion  of  the  tentacles 
has  been  found  to  be  preceded  by  a peculiar  churning  movement 
of  the  protoplasm  in  the  cells  upon  the  side  which  becomes 
concave.  This  movement,  which  Darwin,  who  discovered  it, 
called  aggregation,  is  attended  by  a loss  of  turgidity. 

Moisture. — Sensibility  to  variations  in  the  moisture  of  the 
environment  is  not  so  widely  distributed  as  are  the  forms  of  irrita- 
bility hitherto  discussed.  It  is  exhibited  chiefly  by  roots  and  by 
the  rhixoids  of  the  Hepaticece  among  green  plants,  and  by  the 
hyphffi  of  certain  Fungi.  These  tend  to  curve  in  the  direction  of  a 
moist  surface  if  they  are  growing  near  one.  When  young  seed- 
lings are  cultivated  in  a vessel  which  contains  moist  sawdust  or 
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sand,  and  is  perforated  so  as  to  allow  the  rootlets  to  protrude, 
these  grow  vertically  downwards,  according  to  their  geotropism. 
As  soon  as  they  protrude,  they  curve  to  a greater  or  less  extent 
towards  the  moist  surface,  as  if  seeking  the  moisture.  This 
phenomenon  is  known  as  hydrotropism.  The  root-tip,  as  in 
other  cases,  is  the  sensitive  part,  while  the  curvature  takes  place 
further  back,  where  growth  is  most  active.  Negative  hydro- 
tropism  is  very  rare,  being  exhibited  only  by  some  of  the 
Myxomycetes , which  move  away  from  moisture. 

The  advantage  of  this  form  of  sensibility  is  evident  in  the 
case  of  the  root,  which,  by  virtue  of  it,  is  drawn  towards  the 
moisture  of  the  soil  as  it  penetrates  between  its  particles. 

A curious  instance  of  appreciation  of  lack  of  moisture  is 
afforded  by  Porlieria  hygrometrica , which  under  such  conditions 
closes  its  leaflets  much  as  nyctitropic  plants  do  when  light  gives 
place  to  darkness. 

Chemical  Stimuli. — Besides  the  forms  of  sensitiveness  which 
we  have  discussed  so  far,  there  is  evidence  that  vegetable  proto- 
plasm can  appreciate  stimuli  of  a different  kind  These  are  less 
widely  manifested,  but  instances  are  fairly  abundant  among  the 
lower  forms  of  plants. 

A certain  number  of  unicellular  organisms  are  strongly 
affected  by  the  presence  of  free  oxygen.  The  most  interesting 
case  of  this  is  that  of  Bacterium  termo  ; when  a number  of  these 
plants  are  placed  in  a drop  of  water  on  a slide,  and  examined 
under  the  microscope,  they  are  found  to  aggregate  at  the  edges 
of  the  cover-slip.  If  a small  green  Alga  is  placed  in  the  drop 
with  them  and  the  slide  exposed  to  light  of  a sufficient  inten- 
sity to  enable  the  decomposition  of  carbon  dioxide  to  take 
place,  the  evolution  of  oxygen  attracts  the  bacteria,  which  at 
once  swarm  round  the  alga.  So  sensitive  are  they  to  this 
attraction,  that  if  the  spectrum  of  sunlight  is  thrown  upon  the 
alga,  the  bacteria  accumulate  at  those  parts  which  are  illumi- 
nated by  the  red  and  blue  rays,  the  rays  which  we  have  seen  to 
be  capable  of  effecting  the  decomposition  of  the  carbon  dioxide. 
This  response  to  the  attraction  of  oxygen  is  not  confined  to 
these  bacteria ; it  is  afforded  by  many  zoospores,  and  also  by 
the  plasmodia  of  some  of  the  Myxomycetes. 

It  has  already  been  observed  that  when  the  necks  of  the 
archegonia  of  the  Cryptogams  open  they  discharge  a certain 
mucilaginous  fluid  which  attracts  to  the  organ  the  free-swimming 
antherozoids.  Careful  experiments  have  been  made  in  many 
cases  to  ascertain  what  is  the  nature  of  the  attraction,  and  it  has 
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been  found  that  the  mucilage  contains  various  substances  which 
the  antherozoids  seek.  In  the  case  of  the  Ferns,  and  some  Sela- 
ginellas,  it  has  been  determined  that  the  attractive  body  is  malic 
acid.  When  a capillary  tube  containing  a weak  solution  of  this 
substance  is  inserted  into  water  containing  some  of  the  anthero- 
zoids, they  make  their  way  very  quickly  to  the  orifice  of  the 
tube.  In  the  case  of  Mosses  the  attractive  substance  is  cane 
sugar.  That  there  is  a definite  attraction  appears  from  the  fact 
that  strong  solutions  of  either  acids  or  alkalies  are  avoided  by 
them  with  equal  earnestness. 

A similar  behaviour  marks  the  plasmodia  of  certain  of  the 
Myxomycetes.  They  move  slowly  towards  a watery  extract  of 
tan,  but  retreat  from  a solution  of  sugar,  glycerine,  or  certain 
neutral  salts.  Similarly,  the  zoospores  of  Saprolegnia  are 
attracted  by  a solution  of  extract  of  meat. 

The  sensitive  tentacles  of  Drosera  can  respond  not  only  to 
contact,  as  before  mentioned,  but  also  to  various  substances 
placed  upon  the  leaf.  They  are  easily  induced  to  bend  by  drops 
of  liquid  containing  proteid  matter,  sucb  as  solution  of  albumin, 
or  milk.  Certain  inorganic  salts,  notably  carbonate  of  ammonia, 
produce  the  same  effect. 

A curious  instance  of  this  kind  has  been  noted  recently  by 
Miyoshi.  He  cultivated  certain  fungi  in  gelatin  containing  a 
small  proportion  of  sugar.  Under  the  stratum  in  which  the 
hyphiE  were  ramifying  he  placed  another  containing  a larger 
proportion  of  sugar,  and  between  the  two  arranged  a membrane. 
The  hyplne  very  soon  grew  towards  the  stronger  sugar  solution, 
and  to  reach  it  penetrated  the  membrane. 

Other  instances  of  similar  behaviour  might  be  quoted.  To 
this  form  of  sensitiveness  the  name  of  Chemotaxis  has  been 
given. 


CHATTEL  XVI. 

the  nervous  mechanism  of  plants. 

It  is  difficult  to  refrain  from  coming  to  the  conclusion,  from  a 
consideration  of  the  facts  examined  above,  that  the  nervous 
system  of  the  animal  kingdom  is  represented  in  the  vegetable 
one.  That  plants  are  sensitive  to  variations  in  the  conditions 
surrounding  them,  and  that  the  responses  they  make  to  such 
variations  are  purposeful,  and  conduce  to  the  wellbeing  of  the 
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organism,  is  abundantly  evident.  The  response  to  any  external 
stimulus,  moreover,  has  been  seen  to  be  dependent  upon  the 
plant  being  in  a state  of  health  and  vigour.  If  its  wellbeing 
has  been  interfered  with  by  such  disturbances  as  deprivation  of 
light,  or  lack  of  oxygen,  or  exposure  to  too  high  or  too  low 
a temperature,  no  response  is  given,  for  its  irritability  is  in 
abeyance  or  destroyed.  Its  own  age  again  has  been  seen  to 
have  an  important  influence  upon  its  power  of  receiving  im- 
pressions and  its  behaviour  in  responding  to  them. 

In  considering  from  this  point  of  view  the  way  in  which 
plants  are  affected  by  external  influences,  it  is  noteworthy  that 
an  exceedingly  small  stimulus  is  able  to  bring  about  a very  con- 
siderable effect,  and  that  there  is  no  direct  ratio  between  the 
intensity  of  the  stimulus  and  the  resulting  movement.  The 
tendrils  of  Passiflora,  already  alluded  to,  are  caused  to  move 
by  the  contact  with  them  of  a small  piece  of  thread,  weighing 
not  more  than  of  a grain,  and  the  resulting  movement  is 
of  considerable  extent  and  is  prolonged  for  some  time.  The 
sensitive  hair  of  the  leaf  of  Dionsea  needs  only  a touch  to  cause 
a rapid  movement  of  the  whole  leaf-blade ; the  pricking  of  the 
staminal  filament  of  Berberis  causes  a considerable  movement 
of  a relatively  bulky  body.  The  seedlings  of  Phalaris  bend  with 
some  speed  towards  a light  which  is  not  sufficient  to  cause 
a visible  shadow  at  the  distance  at  which  they  are  placed 
from  it. 

It  can  hardly  be  imagined  that  such  slight  disturbances  can 
act  mechanically  upon  the  parts  that  move.  This  point  is 
illustrated  by  the  observation  made  by  Wiesner,  that  if  a part 
which  responds  only  to  the  stimulus  of  lateral  light  be  exposed 
for  some  time  to  such  an  illumination,  and  then,  before  the 
curvature  has  begun,  be  removed  into  darkness,  it  will  slowly 
bend  towards  the  side  which  has  been  stimulated.  The  same 
observation  has  been  made  by  other  observers  in  the  case  of 
the  stimulus  of  gravity.  There  is  no  other  explanation  possible 
than  that  the  stimulus  brings  about  changes  in  the  protoplasm 
of  the  cells  of  the  moving  part  which  slowly  modify  their  relation 
to  the  water  of  their  contents  so  that  a great  alteration  of  their 
turgidity  results.  Moreover  the  separation  of  the  part  stimu- 
lated and  the  cells  which  are  the  seat  of  the  resulting  action 
implies  that  there  must  be  in  the  plant  a means  of  rapidly  con- 
ducting such  external  impressions  from  one  part  to  another. 
To  this  point  we  shall  return. 

If  then  we  admit  that  there  is  even  a rudimentary  nervous 
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system  in  plants,  we  should  expect  to  find  a more  or  less  evident 
differentiation  of  it  in  the  direction  of  sense  organs.  This 
is  in  fact  afforded  in  many  cases.  Darwin  found  that  the 
seedlings  of  Phalaris  were  not  sensitive  to  the  faint  light  em- 
ployed in  his  experiments  except  at  a small  region  extending 
about  xV,  inch  from  the  apex.  If  this  part  were  covered 
by  an  opaque  screen  in  the  shape  of  a small  blackened  cap,  of 
not  sufficient  weight  to  cause  any  flexion  of  the  stem,  the  seed- 
lings no  longer  bent  towards  the  light.  Similar  careful  experi- 
ments made  by  the  same  observer  pointed  out  that  the  tip  of 
the  young  root  was  its  only  sensitive  part.  Other  observers 
have  proved  the  same  tiling.  Cisielski  amputated  the  tips  of 
certain  rootlets  and  laid  them  horizontally  on  a support.  They 
then  did  not  show  any  sensitiveness  until  they  had  recovered 
from  the  wound  and  a new  root-tip  was  formed  on  each.  As 
soon  as  the  new  tip  was  developed  the  rootlets  showed  a power 
of  reacting  to  the  force  of  gravity,  and  the  curvature  resulted  in 
the  usual  place.  More  recently  Pfeffer  has  demonstrated  the 
same  localisation.  The  whole  leaf  of  Diomea  may  be  somewhat 
roughly  handled  without  closing,  so  long  as  no  contact  is  made 
with  the  hairs  upon  a particular  portion  of  the  blade.  But  so 
soon  as  one  of  these  is  touched  the  leaf  closes.  It  is  impossible 
to  avoid  the  conclusion  that  we  have  to  do  here  with  a localisa- 
tion of  sensitiveness  or  the  differentiation  of  sense  organs. 
True  the  differentiation  is  anatomically  very  slight,  but  physio- 
logically it  is  considerable.  The  same  sense  organ  again  is 
sensitive  in  very  different  degrees  to  different  stimuli,  and,  as  we 
should  expect,  to  different  strengths  of  the  same  stimulus.  If  a 
sensitive  organ  be  acted  upon  at  the  same  time  by  two  stimuli 
which  usually  produce  opposite  movements,  the  resulting  posi- 
tion is  always  that  which  would  be  caused  by  the  stronger  of 
the  two. 

One  of  the  characteristic  features  of  the  nervous  mechanism 
of  an  animal  is  the  definite  character  of  the  response  made  to 
a stimulus.  This  point  is  also  brought  out  in  considering  the 
behaviour  of  the  parts  under  notice.  If  a root-tip  is  brought 
into  contact  with  an  obstacle,  the  bending  is  invariably  in  such 
a direction  as  to  enable  the  root  to  pass  it.  When  one  is 
allowed  to  impinge  upon  a plate  at  right  angles  to  its  direction 
of  growth,  the  curvature  continues  till  the  root  has  turned 
through  a right  angle  and  can  grow  parallel  to  the  opposing 
surface.  If  on  the  other  hand  a part  some  little  distance  above 
the  tip  is  obstructed,  the  curvature  is  towards  the  obstacle,  a 
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course  which  serves  the  same  purpose.  The  stimulus  causing 
the  movement  of  hydrotropism  serves  to  bring  the  root-hairs 
into  contact  with  the  moist  surface,  thus  enabling  them  to  dis- 
charge their  appropriate  function.  The  behaviour  of  the  tentacles 
of  Drosera  is  very  interesting  in  this  connection.  The  leaf  is  of 
some  size,  and  can  therefore  receive  stimuli  over  a fairly  large 
area.  When  the  tentacles  bend  over  in  response  to  the  alight- 
ing of  an  insect,  they  do  not  do  so  irregularly,  but  always  place 
their  glandular  apices  directly  upon  the  spot  which  is  the  centre 
of  the  disturbance.  This  is  very  definitely  purposeful,  the 
invader  being  captured  and  digested  wherever  it  alights,  as 
all  the  tentacles  are  brought  to  bear  upon  it.  The  purposeful 
character  of  heliotropic  and  diaheliotropic  curvatures  is  also 
very  evident,  the  leaves  being  always  placed  thereby  in  the 
most  favourable  position  for  the  discharge  of  their  functions. 

This  special  sensitiveness  can  be  distinguished  again  from 
the  general  state  of  irritability  in  the  plant.  So  long  as  the 
conditions  remain  favourable  the  latter  is  considerably  prolonged, 
but  the  power  of  responding  to  particular  impressions  disappears 
much  sooner.  In  some  cases  this  power  can  be  ascertained  to 
have  been  lost  by  an  organ  while  it  still  retains  its  power  of 
circumnutating.  The  effect  of  a prolonged  stimulation  some- 
times is  to  fail  to  produce  a movement.  Thus  in  the  case  of 
Dionaea,  repeated  touching  of  one  of  the  hairs,  if  the  leaf  be 
prevented  from  closing,  ultimately  leads  to  such  a touch  having 
no  effect  when  the  leaf  is  released.  This  is  a result  of  exhaus- 
tion or  fatigue.  At  first  it  may  seem  doubtful  whether  or  no 
the  interference  with  the  free  response  of  the  leaf  may  have  so 
injured  the  motor  mechanism  as  to  make  it  incapable  of  acting. 
The  exhaustion,  however,  is  shown  to  be  that  of  the  hair  and  not 
of  the  hinge,  by  the  fact  that  touching  another  of  the  hairs  at 
once  causes  closure. 

The  nervous  sensitiveness  is  by  this  and  many  other  similar 
experiments  shown  to  be  capable  of  fatigue.  A similar  suspen- 
sion of  power  may  be  demonstrated  by  exposing  the  sensitive 
parts  to  anaesthetics,  such  as  the  vapour  of  chloroform,  ether, 
&c.  The  effect  of  these  drugs  at  once  suggests  a similar  action 
to  that  which  they  have  on  the  nervous  mechanism  of  an 
animal.  When  the  effect  of  the  fatigue  or  the  anaesthetic  has 
passed  off,  the  organ  again  becomes  capable  of  responding. 

A nervous  system  generally  can  be  shown  to  possess  three  dis- 
tinct parts  : one  means  whereby  external  stimulation  is  received 
and  appreciated  ; another  whereby  movements,  &c.,  are  caused  ; 
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and  a regulating  and  controlling  part  which  can  co-ordinate  the 
response  to  stimulation,  or  can  initiate  movements,  &c.,  in  its 
absence.  In  the  higher  animals  these  are  well  differentiated 
from  each  other  ; we  have  the  sense  organs  and  the  afferent 
nerves  ; the  efferent  nerves,  connected  with  the  motor  and  other 
mechanisms  ; and  the  nerve-cells  which  possess  the  co-ordinating 
power.  In  the  much  less  differentiated  plant-body  the  first  two 
of  these  at  least  are  recognisable.  If  we  compare  the  sense 
organs  of  the  animal  with  the  sensitive  parts  of  the  plant,  we 
find  a certain  correspondence,  though  it  must  not  be  pressed 
too  far.  The  power  of  sight  is  very  complete  in  the  higher 
animals,  in  consequence  of  the  highly  differentiated  character 


Fig.  1243. 


]2  |3.  Continuity  of  the  protoplasm  of  contiguous  cells  of  the  endosperm 
of  a"  Palm  seed  (henttncMa).  a.  Contracted  protoplasm  of  n cell.  h.  A. 
group  of  delicate  protoplasmic  fibrils  passing  through  a pit  in  the  cell- 
wall.  (Highly  magnified,  after  Gardiner.) 


of  the  eye.  In  the  lower  animals  it  becomes  less  and  less 
perfect,  till  in  some  it  goes  probably  little  further  than  tfie 
power  of  appreciating  light.  This  power  we  have  seen  to  be 
possessed  by  certain  parts  of  the  young  seedlings  of  various 
plants  in  a very  high  degree,  and  by  other  organs  to  a less 
extent.  The  sense  of  touch  may  be  compared  with  the  power 
of  responding  to  the  stimulus  of  contact  shown  by  tendrils  and 
by  the  tips  of  roots  ; the  muscular  sense,  or  power  of  appre- 
ciating weight,  is  not  dissimilar  to  the  property  of  responding 
to  the”  force  of  gravity,  while  the  chemotactic  behaviour  of  the 
organisms  described  above  suggests  a rudimentary  power  of 
taste  or  smell,  or  both. 

The  conduction  of  the  impulses  received  is  due  in  animals 
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to  the  existence  of  differentiated  nerves.  The  way  in  which  it  is 
carried  ont  in  plants  has  been  much  debated,  but  since  the  dis- 
covery of  the  continuity  of  the  protoplasm  through  the  cell-walls, 
there  is  little  doubt  that  we  have  here  a similar  mechanism . 
There  is  scarcely  any  differentiation,  but  the  power  of  the  proto- 
plasm to  conduct  disturbances  from  one  part  of  the  cell  to  another 
is  a matter  of  common  observation.  The  connecting  strands 
between  adjacent  cells  (fig.  1243)  will  suffice  to  suggest  how 
impulses  from  the  tip  of  the  root  may  reach  the  growing  cells. 

The  motor  mechanism  seems  at  first  to  be  entirely  different 
from  that  of  the  animal  organism.  Closer  consideration, 
however,  lessens  the  difference  considerably.  The  contractile 
power  is  but  little  developed  in  vegetable  protoplasm,  but  it 
has  its  representative  in  the  power  of  resisting  or  assisting  the 
transit  of  water.  The  effect  is  really  similar  in  both  cases ; 
in  the  one  the  disturbance  to  the  protoplasm  leads  to  a contrac- 
tion of  its  substance,  in  the  other  to  its  modifying  its  resistance 
to  the  passage  of  water  through  it.  Each  protoplasm  responds 
in  its  own  appropriate  fashion. 

The  plant  shows,  however,  an  almost  complete  absence  of  the 
differentiation  that  reaches  its  highest  point  in  the  nerve-cell. 
There  is  apparently  no  co-ordinating  mechanism  which  receives 
the  impulses  from  the  sense  organs,  and  initiates  in  consequence 
the  resulting  movement.  This  need  not,  however,  lead  us  to 
deny  the  existence  of  a nervous  system,  but  only  to  remark 
upon  the  very  slight  degree  to  which  it  is  differentiated. 
Darwin  has  called  attention  to  one  instance  in  which  something 
of  the  kind  is  seen.  When  a tentacle  of  Drosera  is  stimulated, 
the  actual  bending  is  preceded  by  a curious  motility  of  the 
protoplasm  of  the  cells  of  its  stalk  which  has  been  called 
aggregation.  If  a tentacle  on  the  leaf  is  excited,  the  ten- 
tacles of  the  margin  are  gradually  inflected  towards  the  excited 
spot,  as  already  described.  If  the  cells  of  one  of  the  marginal 
tentacles  are  watched  during  the  experiment,  their  contents  are 
found  to  undergo  this  aggregation,  but  those  nearest  its  apex 
manifest  it  first.  If  the  aggregation  were  the  direct  effect  of 
the  stimulus,  those  which  it  reached  first,  i.e.  those  nearest  the 
base,  would  respond  first.  The  stimulus,  apparently,  has  to  travel 
up  the  tentacle  to  the  gland,  and  a disturbance  must  originate 
there  in  response,  this  disturbance  travelling  down  the  tentacle 
in  the  direction  of  its  base.  Darwin  has  pointed  out  that  this 
corresponds  in  a measure  to  the  reflex  action  of  the  animal 
organism. 
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If  we  are  able  from  these  considerations  to  recognise  in  the 
plant  a nervous  system  in  any  way  comparable  to  that  of  the 
higher  animals,  we  are  led  to  the  view  that  the  differences  between 
the  two  are  to  be  referred  to  differences  of  degree  of  differentia- 
tion. The  latter  is  on  the  whole  very  slight  in  plants,  nothing 
at  all  corresponding  to  the  powers  of  consciousness  or  volition. 
There  is,  however,  a differentiation  in  the  sense  organs  in  the 
direction  of  sensitiveness,  which  will  equal  if  not  surpass  the 
powers  of  those  of  an  animal.  The  tendril  of  Passiflora 
appreciates  and  responds  to  a pressure  which  cannot  be 
detected  by  even  the  tongue ; the  seedlings  of  Phalaris  readily 
obey  the  stimulus  of  an  amount  of  light  which  is  hardly  per- 
ceptible by  the  human  eye.  The  power  of  response  to  the 
stimulus  is  of  course  very  much  less  than  in  the  animal,  but 
this,  as  we  have  seen,  depends  upon  the  differences  in  the  motor 
mechanisms.  In  the  vegetable  protoplasm  we  have  a much 
slower  response,  as  well  as  one  of  a different  kind,  the  effects 
taking  as  a rule  longer  to  manifest  themselves,  and  lasting 
for  a longer  time  after  the  stimulus  has  been  withdrawn.  We 
have,  however,  as  in  the  animal  mechanism,  a much  better 
response  to  a cumulative  or  prolonged  stimulation  than  to  one 
which  is  rapid  and  transitory. 


CHAPTER  XVII. 

AUTOMATISM.  RHYTHM. 

The  instances  of  sensibility  we  have  been  considering  have  been 
seen  to  be  such  as  arc  manifested  in  response  to  external  stimu- 
lation of  various  kinds.  The  responses  made  have  been  found 
usually  to  take  the  form  of  what  are  generally  called  movements 
of  either  the  whole  plant  or  of  some  of  its  members.  Though 
called  movements,  however,  they  must  not  be  interpreted  in  all 
cases  to  be  such  in  the  strict  sense.  They  are  rather  changes 
of  position  brought  about  by  varying  turgcscence,  or  alteration 
of  the  rate  of  growth  in  particular  aggregations  of  cells.  The 
protoplasm  has  been  seen  in  many  instances  to  play  rather  a 
passive  than  an  active  part  in  bringing  about  the  change  in 
position. 

Besides  these,  however,  we  have  yet  to  consider  some  similar 
phenomena  in  which  the  protoplasm  is  more  directly  concerned, 
and  the  nature  of  the  stimulation,  or  the  exciting  cause  of  the 
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changes  involved,  is  very  obscure.  Such  phenomena  are  roughly 
classed  together  under  the  name  of  automatism,  or  automatic 
movement. 

We  have  seen  that  certain  plants  at  particular  times  emit 
from  their  body  small  masses  of  naked  protoplasm  which  are 
furnished  with  a varying  number  of  long  filaments.  These 
filaments,  which  are  protoplasmic,  are  ordinarily  in  a state  of 
active  vibration,  causing  currents  in  the  water  in  which  they 
live,  which  float  them  quickly  from  place  to  place.  Such  free- 
swin lining  cells  include  the  zoospores  of  the  Algae  and  the 
antherozoids  of  these  and  higher  plants.  The  movement  is 
brought  about  in  the  absence  of  any  external  stimulation,  though 
the  cells  are  capable  of  receiving  such  impulses.  The  cause  of 
the  movement  is  probably  the  contraction  of  each  side  of  the 
filament,  or  cil/ium,  alternately,  or  of  the  part  of  the  cell  just  at 
its  point  of  attachment.  The  impulse  leading  to  the  movement 
must  be  sought  in  some  decomposition  originating  in  the  proto- 
plasm itself,  and  not  excited  by  any  stimulus  from  without. 
The  phenomenon  is  often  spoken  of  as  ciliary  motion. 

Of  a somewhat  similar  character  is  the  curious  creeping 
movement  of  the  Myxomycetous  fungi.  Each  of  the  zoospores 
of  these  organisms  consists  of  a mass  of  naked  protoplasm 
which  makes  its  way  over  the  surface  of  its  substratum  by 
putting  out  blunt  processes  of  its  own  substance,  known  as 
pseudopodia.  These  are  protrusions  of  the  ectoplasm,  and  the 
more  fluid  endoplasm  is  in  some  way  drawn  into  them,  so  that 
the  rest  of  the  cell  follows  the  movement  of  the  pseudopodium. 
Which  part  of  the  operation  really  corresponds  to  the  act  of 
contraction  is  disputed,  but  it  seems  probable  that  it  is  the 
second,  and  that  the  first  protrusion  is  of  the  nature  rather  of 
relaxation.  In  either  case,  however,  the  movement  is  indepen- 
dent of  any  external  stimulation. 

The  Diatoms,  which  we  have  seen  to  form  a sub-class  of  the 
Algte,  are  capable  of  a curious  gliding  movement,  which  enables 
them  to  make  their  way  with  some  rapidity  through  the  water 
in  which  they  live ; they  also  are  found  to  do  this  in  the  absence  of 
any  apparent  stimulus  ; the  Oscillator  ice,  which  are  filamentous 
alga;  anchored  to  a substratum  by  one  end  of  the  filament,  are 
also  in  constant  wavy  motion  to  and  fro ; a movement  the 
mechanism  of  which  is  still  unexplained,  and  which  possibly 
resembles  that  of  the  diatoms.  These  are  instances  of  the  same 
automatism,  the  protoplasm  in  all  probability  originating  the 
movement  and  carrying  it  out. 
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In  certain  lowly-organisms  such  as  Chlamydomonas  there  is 
to  be  seen  in  the  protoplasm  a clear  space  or  vacuole,  which 
exhibits  a more  or  less  regular  pulsation,  appearing  slowly  as 
a nearly  spherical  cavity,  and  then  suddenly  disappearing, 
recalling  the  active  contraction  of  animal  protoplasm.  These, 
like  the  last-mentioned  plants,  are  instances  of  movement  in 
consequence  of  internal  changes  and  not  of  external  stimula- 
tion. 

In  the  higher  plants  evidence  of  this  special  automatism  is 
not  lacking.  Setting  aside  what  is  common  to  all  plants,  the 
inherent  power  of  living  substance  to  construct  itself  from  food 


Fig.  1244. 


Fill.  1211.  A portion  of  u branch,  with  n loaf,  of  Detmvilium  i/yrans.  The 
ionf,  which  is  compound,  consists  of  u larso  terminal  leaflet,  a,  anil  two 
smaller  lateral  ones,  l> , ft  There  are  also  two  other  rudimentary  leaflets, 
marked  r,  near  the  terminal  leaflet. 


materials,  to  carry  on  respiration  and  other  vital  functions, 
which  are  of  course  evidence  of  automatism,  we  have  in  a few 
cases  distinct  power  of  automatic  movement.  The  protoplasm 
of  the  cells  of  the  leaves  of  VuUimeria,  of  the  internodal  cells 
of  Cham,  of  the  pollen-tubes  of  many  plants,  of  the  cells  of  the 
staminal  hairs  of  Trculescantia,  and  others  quoted  in  discussing 
the  structure  of  the  cell,  is  in  constant  rotation  round  the  cell, 
or  movement  within  it  in  definite  directions. 

These  instances  impress  upon  us  the  belief  that  all  protoplasm 
is  the  seat  of  active  molecular  movement,  the  intensity  or  vigour, 
however,  varying  very  greatly  in  different  cases.  Indeed  the 
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life  of  the  protoplasm  is  intimately  bound  up  with  such  a motile 
condition.  Manifestations  of  this  motility  have  from  time  to 
time  been  noticed  above  ; especially  we  may  again  allude  to  the 
regulation  of  turgescenee,  which  we  have  seen  to  be  one  of  the 
properties  of  vegetable  living  substance. 

In  many  cases  it  can  be  noticed  that  these  automatic  move- 
ments set  in  with  a certain  definite  intermittence,  recurring, 
so  long  as  conditions  are  constant,  at  regular  intervals.  The 
pulsating  vacuoles  already  alluded  to  may  be  instanced  in 
this  connection.  Such  regularly  intermittent  actions  may  be 
described  as  rhythmic  and  the  intermittence  spoken  of  as 
rhythm. 

When  we  look  back  upon  the  various  functions  we  have 
examined  we  find  evidence  in  them  that  rhythmic  changes  in 
the  protoplasm  are  very  widely  met  with  in  the  life  of  the 
vegetable  organism.  Very  conspicuous  instances  of  it  are 
afforded  by  certain  movements  often  exhibited  by  the  leaves  of 
particular  plants.  Perhaps  the  most  familiar  of  these  is  the  so- 
called  telegraph  plant,  Desmodiwm  gyrans.  The  leaves  are 
ternate,  the  terminal  leaflet  being  very  large  in  comparison 
with  the  two  lateral  ones  (fig.  1244).  If  the  plant  be  watched 
while  exposed  to  a suitable  temperature,  the  lateral  leaflets  are 
found  to  move  up  and  down  on  the  rachis,  sometimes  passing 
through  an  angle  of  180°,  and  twisting  slightly  as  they  move. 
They  thus  describe  a kind  of  ellipse,  the  duration  of  the  move- 
ment being  about  two  minutes.  Many  other  instances  of  a 
similar  kind  are  known,  the  Leguminosse  furnishing  many 
examples.  All  of  them  do  not  exhibit  them  with  the  same  ease, 
as  they  are  much  interfered  with  by  the  changes  in  position 
caused  by  external  stimulation.  They  can  often  be  made 
evident  by  keeping  the  plant  either  in  the  dark,  or  exposed  to 
light  of  uniform  intensity.  Darkness,  however,  if  too  prolonged, 
results  in  the  cessation  of  the  movements,  as  these  can  only 
take  place  while  the  plants  are  in  a condition  of  phototonus. 
The  mechanism  of  the  movement  in  most  of  these  eases  is  the 
varying  turgescenee  of  pulvini  at  the  bases  of  the  leaflets.  The 
alterations  in  this  turgescenee  are  the  expression  of  rhythmic 
changes  in  the  protoplasm  of  the  cells. 

The  same  rhythmic  changes  have  place  in  all  young  growing 
organs,  leading  to  the  variations  in  turgidity  that  cause  the 
movements  of  nutation  and  circumnutation  which  accompany 
growth. 

The  nyctitropic  movements  we  have  discussed  may  be  quoted 
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in  support  of  the  existence  of  rhythm.-  Though  they  are  ordi- 
narily exhibited  in  response  to  the  stimulus  of  alternate  periods 
of  light  and  darkness,  many  plants  continue  to  exhibit  them 
when  altogether  removed  from  light.  That  they  cease  after  a 
day  or  two  of  darkness,  is  probably  due  to  the  fact  that  the 
plants  are  then  no  longer  in  a phototonic  condition.  Many 
flowers  continue  to  open  and  close  their  corollas  when  removed 
from  variable  to  constant  conditions. 

The  same  tendency  to  rhythmic  change  is  shown  in  what 
is  called  the  periodicity  of  the  various  vital  functions.  If,  for 
instance,  the  root-pressure  of  a plant  be  examined  by  the  aid  of 
the  apparatus  already  described,  in  which  the  water  taken  up 
is  made  to  support  a column  of  mercury  in  a manometer, 
when  the  column  of  mercury  has  reached  what  we  may  call 
its  mean  or  average  height,  it  does  not  remain  there,  but  begins 
to  oscillate.  It  rises  in  the  morning  till  about  midday,  then 
sinks  somewhat,  rises  again  towards  the  evening,  and  falls 
during  the  night.  There  is  thus  roughly  a daily  variation  of 
the  absorbent  activity  of  the  roots,  which  is  very  little  affected 
by  changes  in  the  environment ; it  is  in  fact  automatic. 

There  is  a similar  daily  variation  in  the  bulk  of  a plant,  the 
diameter  of  the  various  organs  diminishing  from  night  till 
some  time  in  the  afternoon,  and  increasing  thenceforward  till 
dawn.  These  variations  largely  depend  upon  the  distribution 
of  the  water  which  the  plant  contains,  which  is  regulated  by 
the  living  substance. 

Many  other  instances  of  the  same  periodicity  or  rhythm 
might  be  quoted,  but  it  ishardly  necessary  to  multiply  examples. 

Though  this  rhythmic  alteration  of  the  protoplasm  in 
various  ways  is  no  doubt  inherent  in  plants,  as  appears  from 
its  occurrence  when  conditions  are  kept  constant,  it  is  easily 
affected  by  external  causes.  The  effect  of  continuous  darkness, 
we  have  already  seen,  is  that  the  movements  arc  made  irregular 
and  ultimately  stop.  In  many  cases  the  difference  in  degree  of 
illumination  between  day  and  night  affects  the  readiness  with 
which  the  nyctitropic  movements  of  the  leaves  are  brought 
about.  After  brilliant  sunshine  they  set  in  more  quickly  than 
after  a dull  light. 

These  movements  may  indeed  show  an  artificially  induced 
rhythm,  superposed  upon  a normal  one,  in  the  same  way  as 
the  movements  of  heliotropism,  geotropism,  &c.,  have  been 
seen  to  be  based  upon  the  ordinary  movement  of  circumnuta- 
tion,  to  be,  indeed,  an  exaggeration  of  it.  In  some  cases  the 
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tendency  to  rhythmic  change  can  be  manifested  by  the  produc- 
tion of  an  altogether  artificial  rhythm,  induced  by  submitting 
the  plant  to  intermittent  stimulation.  Darwin  and  Pertz  have 
described  a very  interesting  experiment  of  this  nature.  A plant 
was  fixed  to  a spindle  placed  horizontally,  which,  by  an  arrange- 
ment of  clockwork,  was  made  to  make  a semi-revolution  at 
intervals  of  thirty  minutes.  The  force  of  gravity  thus  exerted 
its  effect  on  alternate  sides  for  this  interval  of  time,  so  that  each 
side  of  the  stem  tended  to  become  convex  apogeotropically  in 
turn.  After  a period  of  exposure  upon  the  instrument  the  clock- 
work was  stopped.  Instead  of  the  side  which  was  then  under- 
most increasing  its  convexity  till  the  stem  was  vertical,  the  two 
sides  continued  to  become  alternately  convex,  as  if  the  reversal 
of  the  instrument  was  still  taking  place.  There  was,  in  fact, 
an  artificially  induced  rhythm  manifested. 

The  conflict  between  the  natural  rhythm  and  the  movement 
due  to  stimulation  can  be  observed  in  the  heliotropic  curvature 
of  many  organs.  The  heliotropie  position  is  not  brought  about 
by  a direct  movement  of  the  organ,  but  by  its  describing  a series 
of  ellipses.  The  organ  at  the  time  of  the  incidence  of  the  light 
stimulus  is  performing  its  ordinary  circmnnutation,  the  apex 
describing  a circle.  The  effect  of  the  stimulus  is  to  turn  that 
circle  into  an  ellipse  ; when  the  rhythmic  impulse  coincides  with 
the  stimulus  of  the  light  the  movement  is  accelerated,  and  the 
resulting  curve  takes  the  direction  of  the  long  axis  of  the  ellipse  ; 
when  the  two  act  in  the  opposite  direction  to  each  other,  the  short 
curve  of  the  same  figure  is  described.  The  same  result  is 
obtained  under  the  stimulus  of  geotropism. 

The  slow  response  to  the  action  of  a stimulating  force  may 
frequently  be  explained  in  the  same  way.  Often,  however,  the 
long  delay  in  responding  is  due  to  the  sluggish  nature  of  the 
protoplasm,  a considerable  time  being  taken  up  in  inducing  the 
necessary  change  in  .its  motility.  We  have  then  what  is  called 
a latent  perio/l,  before  the  manifestation  of  the  irritability. 
Similarly  the  results  of  the  stimulation  continue  for  some  time 
after  the  exciting  cause  is  removed,  giving  what  is  called  an 
after  effect.  An  example  of  this  is  afforded  by  some  experi- 
ments of  Cisielski’s ; he  laid  some  geotropic  roots  horizontally 
on  moist  sand,  and  allowed  them  to  remain  there  for  some  time. 
Before  they  began  to  show  their  geotropic  curvature,  he  am- 
putated the  tips,  which  we  have  seen  to  be  the  sensitive  parts 
or  sense  organs.  After  a time  the  geotropic  curvature  never- 
theless took  place.  The  stimulus  was  received  while  the  roots 
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were  intact,  but  its  manifestation  in  the  form  of  curvature  took 
place  as  an  after  effect,  even  after  the  stimulus  had  altogether 
ceased  to  act. 


CHAPTER  XVIII. 

REPRODUCTION. 

The  phenomena  we  have  hitherto  been  considering  all  concern 
the  life  of  the  individual  plant.  As  this,  however,  at.  the  best 
is  comparatively  limited,  we  find  plants  endued  with  the  power 
of  giving  rise  to  new  individuals.  The  process  of  originating 
each  new  individual  from  its  parent  or  parents  is  known  as 
reproduction. 

We  have  already  seen  that  this  process  may  be  brought 
about  in  one  of  three  ways.  In  the  simplest  cases,  in  what  is 
known  as  vegetative  reproduction,  no  special  cell  is  produced 
for  the  purpose,  but  some  part  of  the  parent  becomes  detached 
and  grows  into  the  new  individual  at  once.  We  see  this  easily 
in  the  reproduction  of  the  lower  Fungi,  such  as  yeast,  where 
the  cell  divides  into  two,  which  almost  or  quite  immediately 
become  free  from  each  other,  each  being  a yeast  plant.  It  can 
be  noticed  through  all  the  families  of  the  vegetable  kingdom, 
though  as  we  advance  upwards  in  the  scale  the  new  body 
becomes  more  and  more  complex.  We  have  the  gemmae  of 
certain  Algfe  and  Bryophytes,  which  are  multicellular;  we  have 
in  many  Mosses  branches  which  become  detached  by  the  dying 
off  of  the  shoot  behind  them ; in  many  Ferns  buds  are  de- 
veloped upon  the  pinnae  of  some  of  their  leaves,  which  when 
separated  from  the  latter  grow  into  complete  ferns.  In  the 
Phanerogams  we  find  this  method  illustrated  by  cuttings,  which 
are  pieces  of  the  stem  bearing  buds ; these,  when  detached  and 
planted  in  suitable  soil,  put  out  adventitious  roots  from  the 
base  of  the  cutting,  and  develop  into  plants  like  the  original  one. 
Another  instance  is  afforded  by  the  buds  which  many  leaves, 
notably  those  of  Bryophyllum,  put  out  when  wounded.  These 
also  develop  adventitious  roots,  and  young  plants  arise  which 
become  independent.  Other  plants  produce  underground  buds, 
tubers,  &c.,  as  already  noticed.  One  of  the  chief  features  of 
vegetative  reproduction  is  that  the  new  plant  represents  the 
same  phase  of  the  life  cycle  as  its  parent  did.  The  gemmffi 
of  Mosses,  which  arise  on  the  gametophyte,  give  rise  to 
other  gametophytes  ; the  buds  of  the  ferns,  the  cuttings  or  buds 
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of  the  Phanerogams  develop  into  new  sporophytes  like  their 
parents.  Alternation  of  generations  is  thus  left  altogether  un- 
affected by  vegetative  reproduction. 

Some  curious  cases  of  this  vegetative  method  are  known. 
In  the  embryo  sac  of  Ccelebogyne  there  is  no  fertilisation 
of  the  oosphere,  but  still  one  or  more  embryos  arise.  This  is 
caused  by  a vegetative  budding  of  certain  cells  of  the  nucellus, 
which  grow  into  the  interior  of  the  embryo  sac  and  develop 
into  embryos. 

A further  peculiarity  of  vegetative  reproduction  is  that  the 
new  individual  is  developed  continuously  on  its  origination. 
There  is  no  resting  period,  such  as  we  find  in  most  cases  to  mark 
the  behaviour  of  the  more  specialised  reproductive  cells  to  be 
discussed  below. 

Besides  vegetative  reproduction  we  have  two  cases  of  the 
production  of  special  cells  to  subserve  this  purpose.  In  the 
first  of  these,  cells  are  differentiated  which,  after  a longer  or 
shorter  period  of  quiescence,  can  grow  out  into  new  plants. 
These  cells,  possessing  in  themselves  the  power  of  producing 
new  individuals,  are  known  as  asexual  cells.  They  are  differ- 
ently named  according  to  the  phase  of  the  plant  on  which  they 
originate ; those  borne  upon  the  sporophyte  being  called  spores, 
those  on  gametophytes  g on  id  in.  There  is,  however,  no  further 
difference  between  them ; indeed,  by  many  writers  the  name 
spore  is  applied  to  both. 

The  fact  that  they  do  not  usually  germinate  till  after  a period 
of  rest,  though  this  is  often  not  very  prolonged,  suggests  that 
they  originated  in  a need  for  the  plant  to  develop  certain  cells 
which  should  possess  the  power  of  passing  through  times  of  un- 
favourable conditions  without  destruction.  Such  unfavourable 
conditions  would  be  likely  to  kill  the  more  delicate  vegetative 
reproductive  bodies.  This  view  is  supported  by  the  fact  that 
many  of  the  lower  -plants,  particularly  Yeast,  do  not  produce 
gonidia  when  conditions  are  suitable  for  the  life  of  the  ordinary 
individual,  but  can  be  made  to  do  so  by  cultivating  them  under 
adverse  conditions  of  moisture,  food  supply,  &c. 

The  gonidia  which  occur  upon  the  gametophytes  of  the  Alga; 
and  Fungi  are  produced  in  various  ways ; they  may  occur 
singly  or  in  large  or  small  numbers  in  the  interior  of  particular 
cells  known  as  gonidangia;  they  may  be  prodxrced  by  abstriction 
from  a cellular  outgrowth  of  the  thallus ; in  this  case  again  the 
number  produced  from  a single  cell  may  vary  within  wide 
limits.  The  various  names  given  to  them,  such  as  asaogonidia, 


490 


MANUAL  OF  BOTANY 


stylo gonidia,  teleutogonidia,  indicate  various  conditions  of  this 
kind,  and  not  any  difference  in  their  own  structure.  As  a rule, 
they  are  small  spherical  or  flattened  bodies,  clothed  with  a cell- 
wall  ; in  both  Algae  and  Fungi  cases  occur  where  they  have  no  such 
coating  and  are  able  to  swim  about  by  means  of  cilia.  These 
forms  are  called  zoospores , or  zoogonidia. 

In  the  higher  plants,  in  which  they  originate  only  on  the 
sporophyte,  though  possessing  fundamentally  the  same  structure 
as  in  the  lower  ones,  their  walls  show  more  differentiation, 
possessing  two  coats,  and  often  having  the  outer  one  curiously 
sculptured  or  furnished  with  projecting  ridges  or  spines.  Some 
have  a third  coat  derived  from  the  disintegrated  mother  cells 
and  tapetum. 

In  some  Pteridophyta  an  important  variation  makes  its 
appearance ; the  spores  are  no  longer  all  alike,  but  two  kinds 
are  produced,  the  nficrospores  and  the  megaspores.  This 
phenomenon  is  known  .as  hcterospory,  and  it  extends  also 
throughout  the  next  group,  the  Phanerogams. 

The  microspores  have  the  structure  already  described  ; 
the  megaspores  in  the  Pteridophyta  are  much  like  the  micro- 
spores, except  in  size  ; in  the  Phanerogams  they  are  simpler, 
having,  with  the  exception  of  those  of  the  Cycads,  a single  wall 
which  remains  thin  and  delicate.  In  this  group  too  the  mega- 
spore is  never  set  free  from  the  sporangium,  nor  is  the  latter 
detached  from  the  plant  until  after  the  germination  of  its  spore. 

The  body  produced  from  the  germinating  spore  or  gonidium 
is  always  a gametophyte,  though  often  it  only  produces  other 
gonidia. 

In  the  second  case  in  which  there  is  a production  of  special 
reproductive  cells,  these  are  incapable  alone  of  producing  a new 
individual,  but  must  fuse  together  in  pairs  to  bring  about  this 
result.  They  arc  consequently  called  sexual  cells  or  gametes. 
These  probably  took  their  origin  from  the  asexual  form.  The 
phase  of  the  plant  on  which  they  occur  is  always  the  gameto- 
phyte. The  latter  can  consequently  give  rise  to  either  sexual  or 
asexual  cells  or  both,  while  the  sporophyte  can  only  produce  the 
latter. 

In  all  the  higher  plants  the  gametophyte  and  sporophyte 
regularly  alternate  with  each  other,  each  producing  the  other 
phase  of  the  life  cycle.  This  phenomenon  is  known  as  anti- 
thetical alternation  of  generations.  In  the  lower  forms  it  is  not 
at  all  regular  in  its  occurrence ; the  sporophyte  being  altogether 
unrepresented  in  some,  and  only  occurring  at  intervals  in  others. 
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We  get  in  some  of  the  former  a succession  of  gametophytes, 
which  reproduce  themselves  many  times  in  succession  by  gonidia 
and  do  not  develop  sexual  cells  at  all.  After  a number  of  genera- 
tions have  been  thus  produced  asexually,  a form  arises  which 
bears  gametes,  and  these  after  fusion  produce  again  a gameto- 
phyte which  only  develops  gonidia.  The  gametophyte  which 
does  not  develop  its  gametes  is  called  a 'potential  one,  in  contra- 
distinction to  one  which  does,  and  which  is  known  as  an 
actual  gametophyte.  The  alternation  of  actual  and  potential 
gametophytes,  where  the  resulting  plant  is  in  all  cases  similar 
to  its  parent,  is  called  homologous  alternation  in  contradistinc- 
tion to  antithetical,  explained  above.  In  such  an  alternation 
there  is  usually  an  absence  of  regularity,  many  potential  game- 
tophytes being  developed  in  succession  before  an  actual  one 
arises. 

The  latter  fact  appears  to  indicate  that  in  most  plants  con- 
tinuous reproduction  by  asexual  cells  is  attended  with  some 
deterioration  of  the  plant’s  constitution,  which  becomes  again 
invigorated  by  the  occurrence  of  the  sexual  mode. 

The  phenomenon  of  heterospory  involves  the  production  of 
two  gametophytes  to  one  sporophyte,  as  each  of  the  former  pro- 
duces its  appropriate  prothallus.  Such  plants  show  in  their  life 
cycle,  therefore,  three  forms,  one  sporophyte,  and  two  gameto- 
phytes, the  latter  occurring  synchronously. 

It  is  noticeable,  further,  that  as  we  pass  through  the  several 
divisions  of  the  vegetable  kingdom  the  predominant  form  of  the 
plant  changes.  In  the  Thallophyta  it  is  always  the  gametophyte  ; 
the  sporophyte  is  not  universal  there,  and  is  never  more  than  a 
small  structure,  which  nearly  always  remains  attached  to  the 
gametophyte.  In  the  Bryophyta  the  two  phases  are  more  nearly 
alike  in  degree  of  development ; the  gametophyte  is  always  the 
vegetative  body,  while  the  sporophyte  often  shows  the  greater 
histological  differentiation.  It  is  always  parasitic  upon  the 
gametophyte,  and  never  attains  a higher  degree  of  morphological 
value  than  a thallus.  In  the  Pteridophyta  the  sporophyte  is  the 
predominant  form,  and  takes  on  the  vegetative  functions.  The 
gametophyte  shows  continuous  retrogression,  and  in  the  highest 
members  of  the  group  is  almost  entirely  enclosed  in  the  spore. 
In  the  Phanerogams  the  reduction  in  size  is  still  more  marked; 
in  the  Angiosperms  the  female  gametophyte  consists  of  only  a 
few  cells  developed  in  the  interior  of  the  spore,  while  the  male 
one  is  a tubular  outgrowth  from  the  pollen  grain. 

The  gametophyte  was  doubtless  the  primitive  form  of  the 
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plant.  The  gradual  appearance  of  the  sporophyte  can  be  observed 
still  in  the  group  of  the  Alg®.  In  (Edogonium  the  fertilised  cell 
does  not  grow  out  into  a new  filament,  but  produces  in  its 
interior  four  zoospores  which  escape  from  it,  and  after  a period 
of  rest  germinate  and  produce  new  plants.  The  fertilised  cell 
here  represents  the  sporophyte,  which  is  reduced  to  a single 
sporangium.  In  Coleochsete  the  zygote  is  invested  with  a cover- 
ing derived  from  the  adjacent  cells,  and  after  sinking  to  the 
bottom  of  the  water  it  germinates,  producing  inside  its  coating 
a small  mass  of  cells,  each  one  of  which  liberates  a zoospore. 
There  is  here  a sporophyte  of  a slightly  higher  type  than  that  of 
CEdogonium.  Somewhat  more  complex  sporophy  tes  occur  among 
the  Rhodophycese.  An  indication  of  the  sporophyte  may  perhaps 
be  seen  in  Spirogyra,  where  the  nucleus  of  the  fertilised  cell 
divides  into  four,  though  no  definite  cells  arc  formed.  On  ger- 
mination of  the  zygote,  however,  only  one  filament  grows  out. 

It  was  suggested  above  that  probably  the  sexual  cells  were 
originally  derived  from  asexual  ones.  A study  of  such  forms 
as  HcBmatococcits  and  Ulothrix  leads  us  to  this  view.  In  the 
former  two  forms  of  zoogonidia  arc  produced,  which  differ  from 
each  other  only  in  size.  In  Ulothrix  the  same  thing  is  seen,  but 
there  is  a difference  in  their  behaviour.  The  larger  ones  are 
asexual,  but  the  smaller  generally  conjugate  or  fuse  in  pairs 
They  represent,  therefore,  the  sexual  cells  or  gametes.  This  is 
the  more  likely,  as  the  cells  which  fuse  are  generally,  if  not 
always,  produced  by  different  plants.  The  sexuality  is  not, 
however,  well  pronounced,  for  if  one  does,  not  become  fused 
with  another,  it  can  still  germinate  independently. 

The  gradual  differentiation  of  the  gametes  into  definite 
male  and  female  individuals  has  already  been  traced  in  the 
section  on  the  Thallophyta.  When  completely  differentiated 
the  male  cell,  which  is  known  as  an  antherozoid,  is  a small 
free-swimming  body,  furnished  with  cilia.  This  form,  which  is 
the  most  perfect  known,  is  not,  however,  of  universal  occurrence. 
In  the  Fungi  the  male  gamete  is  almost  always  an  undiffer- 
entiated mass  of  protoplasm  which  sometimes  becomes  free 
from  the  cell  in  which  it  is  produced,  blit  is  then  clothed  with 
a cell- wall  and  has  no  power  of  locomotion.  Sometimes  it  is 
not  set  free  until  it  actually  passes  into  the  oogonium.  In  the 
lihodophycese  it  is  similarly  unciliated,  though  at  first  it  is  a 
naked  cell.  The  same  want  of  differentiation  is  seen  in  all 
the  Phanerogams,  where  the  male  gamete  is  represented  by  a 
portion  of  the  protoplasm  of  the  pollen  tube. 
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The  female  gamete  is  more  uniform,  being  generally  a larger 
mass  of  protoplasm,  with  no  cell-wall,  and  in  all  but  the  lowest 
forms  incapable  of  motion.  Below  the  Chlorophycese  it  is 
always  set  free  and  is  fertilised  in  the  water ; in  some  forms  of 
that  group  and  in  all  above  it  it  remains  in  the  cell  in  which  it  is 
produced,  an  oogonium  or  an  archegonium  as  the  case  may  be. 
In  the  Angiosperms  it  is  not  even  developed  in  an  archegonium. 
A curious  peculiarity  is  noticeable  in  the  Rhodophycese,  where 
the  female  organ,  known  as  a procarp,  contains  no  differentiated 
female  cell.  In  the  Ascomycetous  fungi  the  same  absence  of 
differentiation  is  seen,  though  possibly  there  is  no  sexuality. 

The  peculiarity  of  sexual  reproduction  is  that  the  gametes 
are  incapable  of  giving  rise  to  a new  individual  without  fusion 
of  a male  and  female  together.  In  this  process  nucleus  unites 
with  nucleus  and  protoplasm  with  protoplasm.  In  the  fusion  of 
the  nuclei  in  the  Phanerogams,  however,  the  chromosomes  do 
not  unite,  so  that  the  nucleus  of  the  zygote  or  fertilised  cell  has 
twice  the  number  of  these  that  that  of  each  gamete  possessed. 
When  the  zygote  germinates,  the  first  nuclear  division  is  so 
carried  out  that  each  daughter-nucleus  receives  half  the  chromo- 
somes from  each  sexual  nucleus. 

The  cells  which  fuse  may  be  alike,  or  may  be  dissimilar  ; in 
the  former  case  the  process  is  spoken  of  as  conjugation , in 
the  latter  case  fertilisation.  The  resulting  body  is  called  the 
zygospore  or  the  oospore  respectively ; the  term  ‘ zygote  ’ is 
now  generally  used  instead  of  either  of  these.  Conjugation  only 
occurs  among  the  comparatively  undifferentiated  Thallophyta. 

The  mode  of  bringing  the  gametes  together  varies  with  the 
habit  of  life  of  the  plants.  Where  the  antherozoid  is  motile  it 
makes  its  way  to  the  oosphere  by  means  of  its  cilia,  which 
enable  it  to  swim  freely  in  water.  In  those  forms  with  a 
terrestrial  habit,  such  as  the  Bryophyta  and  Pteridophyta,  in 
which  the  antherozoid  is  ciliated,  fertilisation  can  only  be 
brought  about  when  the  gametophytes  are  moistened,  as  is 
the  case  from  time  to  time.  The  antherozoids  are  attracted  to 
the  archegonia  by  some  constituent  of  the  mucilaginous  matter 
which  is  excreted  from  their  necks  when  they  open.  In  the 
Mosses  this  has  been  ascertained  to  be  cane  sugar ; in  the  Ferns 
it  is  malic  acid  or  one  of  its  salts.  In  the  Rhodophyceie  and 
such  Ascomycetes  as  possess  sexual  reproduction  the  passive 
male  gamete,  known  as  a spermatium,  is  floated  to  the  female 
organ  or  its  trichogyne  by  currents  in  the  water. 

In  the  Phanerogams,  where  the  female  gametophyte  is  always 
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attached  to  the  parent  sporophyte,  such  a means  of  fertilisation  is 
of  course  impossible.  For  fertilisation  to  occur  it  is  necessary 
that  the  two  gametophytes  shall  be  produced  in  close  pro- 
pinquity to  each  other.  This  is  effected  by  the  bringing 
together  of  the  two  spores  concerned  in  developing  them. 
The  microspore  or  pollen  grain  is  carried  by  various  means  to 
the  neighbourhood  of  the  megaspore;  in  the  Gymnosperms 
it  falls  upon  the  megasporangium  itself;  in  the  Angiosperms 
upon  the  stigma  of  the  pistil  in  which  the  megasporangia  are 
hidden.  As  it  germinates,  its  gametophyte,  the  pollen  tube, 
makes  its  way  through  the  intervening  tissues  till  it  reaches  the 
niegaspore  itself,  close  to  the  archcgonium  in  the  first  case,  and 
to  the  oosphere  when  there  is  no  archcgonium.  Fusion  of  the 
gametes  produced  in  each  gametophyte  then  becomes  possible, 
and  by  a deliquescence  of  the  separating  walls  they  come  into 
contact  with  each  other  and  their  union  takes  place. 

In  these  higher  plants  we  have  two  processes  necessary  for 
sexual  reproduction,  the  one  the  approximation  of  the  spores, 
o r pollination,  the  other  the  fusion  of  the  gametes,  or  fertilisa- 
tion. Frequently  the  latter  term  is  loosely  and  erroneously 
applied  to  the  former  process,  as  when  the  fertilisation  of 
flowers  is  spoken  of.  The  process  is  one  of  pollination,  and 
may  be  followed  by  fertilisation  or  not  according  to  circum- 
stances. 

When  the  cells  which  fuse  are  derived  from  the  same  game- 
tophyte, the  term  self  •fertilisation  is  applied  to  the  process  ; 
when  they  come  from  different  ones  it  is  called  cross-fertilisa- 
tion. Self-fertilisation  in  the  strict  sense  is  extremely  rare; 
even  in  the  Thallophytes  the  uniting  cells  usually  originate 
on  different  plants.  The  term  ‘ self-fertilisation  ’ has  been  used 
very  generally  to  indicate  the  pollination  of  a pistil  by  pollen 
from  the  same  flower  ; it  is  however  better  to  speak  of  this 
as  self-pollination.  Speaking  strictly,  self-fertilisation  cannot 
take  place  in  heterosporous  plants,  as.  each  spore  produces  its 
appropriate  gametophyte  and  the  two  sexual  cells  never  arise 
upon  the  same  one.  Cross-fertilisation  has  been  found  always 
to  result  in  stronger  and  healthier  plants  than  self-fertilisation. 
Cross-pollination,  or  the  bringing  together  of  spores  from 
different  flowers,  or  from  different  plants,  of  the  same  species, 
also  yields  more  and  better  seeds  than  self-pollination. 

Very  many  mechanisms  have  been  developed  in  different 
plants  to  secure  this  end.  Pollen  may  be  carried  from  flower 
to  flower  by  wind  or  water,  or  by  the  agency  of  insects  or  other 
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animals.  From  this  point  of  view  plants  have  been  classed 
as  anemophilous  or  wind-pollinated,  hydrophilous  or  water- 
pollinated,  entomophilous  or  insect-pollinated,  or  zoophilous  or 
those  pollinated  by  other  animals. 

Of  these  methods  of  pollination  the  anemophilous  and  the 
entomophilous  arc  the  most  widespread.  In  the  former  case 
certain  structural  features  are  associated  with  the  mode  of 
transference  of  the  pollen.  It  is  produced  in  such  flowers  in 
great  abundance,  is  extremely  light  and  dry,  and  in  some  cases 
furnished  with  bladders  to  aid  its  transport.  The  receptive 
organ  is  sometimes  a bulky  cone,  the  leaves  of  which  are  sepa- 
rated from  each  other  and  from  the  common  axis  by  spaces 
into  which  the  pollen  may  drop  ; sometimes  it  is  a much 
divided  or  plumose  stigma,  often  furnished  with  hairs,  so  that 
pollen  falling  on  it  may  be  readily  retained.  The  method  is  a 
wasteful  one  and  involves  the  production  of  a superabundance 
of  pollen.  On  the  other  hand  anemophilous  flowers  are  always 
inconspicuous  and  of  a comparatively  humble  type. 

Flowers  which  are  pollinated  by  insects  are  usually  much 
larger  and  more  showy,  not  infrequently  possessing  irregular 
corollas,  and  are  often  very  highly  coloured  and  provided  with 
characteristic  odours.  Their  perianths  and  sometimes  their 
sporophylls  are  highly  modified  to  adapt  them  to  the  habits 
of  their  insect  visitors.  As  a further  attraction  to  the  latter 
they  usually  produce  honey  in  some  part  of  the  flower,  in 
such  a situation  as  will  lead  to  the  removal  of  pollen  by  the 
insect  in  its  search  for  the  attractive  liquid.  The  pollen  itself 
also  is  often  the  object  of  the  insect’s  visit.  Many  special 
mechanisms  to  secure  the  removal  of  the  pollen  from  the 
mierosporophyll  and  its  deposition  upon  the  stigma  of  another 
flower  are  to  be  met  with ; indeed,  almost  every  Natural  Order 
shows  some  modification  in  this  direction.  The  consideration  of 
them  in  detail,  however,  is  beyond  our  present  purpose. 

Something  akin  to  cross-pollination  occurs  in  Azolla  as 
already  described ; the  massulae  or  collections  of  microspores 
being  floated  to  the  macrospores,  to  the  floats  of  which  the 
glochidia  attach  them. 

These  mechanical  adaptations  are,  however,  not  the  only 
means  we  find  to  secure  cross-pollination.  There  are  peculiari- 
ties connected  with  what  we  may  call  the  receptivity  of  the 
pistil  for  any  particular  pollen.  Of  these  the  most  generally 
occurring  is  dichogamy , or  the  maturing  of  the  microsporophylls 
and  the  megasporophylls  at  different  times.  Two  varieties  of 
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this  condition  are  met  with ; in  the  first,  known  as  protandry, 
the  stamens  with  their  pollen  are  mature  while  the  stigma  is 
still  too  little  developed  to  be  pollinated.  Examples  may  he 
found  in  the  Gentianaceie,  Onagracese,  Campanulaceae,  Compo- 
site, &c.  InParnassia  the  receptive  surface  of  the  stigma  is  not 
even  formed  until  the  anthers  have  discharged  their  pollen.  The 
second  condition  is  called  proterog yny , and  is  the  converse  of 
the  first,  the  stigma  withering  before  the  pollen  is  mature.  This 
condition  occurs  in  both  anemophilous  and  cntomopliilous 
fiowers ; certain  of  the  plantains  ( Plantago ) and  some  grasses 
( Antlioxcmthum , &c.)  show  it  in  the  former  group,  as  does 
Scroplvularia  among  the  latter. 

Something  corresponding  to  dichogamy  is  found  among  the 
Ferns,  where  the  antheridia  and  archegonia  on  a prothallium 
do  not  mature  simultaneously.  Cross-fertilisation  must  con- 
sequently be  the  only  form  possible.  The  same  peculiarity  may 
be  observed  among  the  Mosses. 

Another  means  often  observed  to  secure  cross-pollination  is 
diclinism,  or  the  production  of  the  stamens  and  carpels  in 
different  flowers.  Diclinous  plants  may  be  monoecious  where 
the  staminato  and  pistillate  fiowers  are  on  the  same  plant, 
dioecious  where  they  are  on  different  plants,  or  polygamous 
where  a plant  bears  hermaphrodite  (lowers  as  well  as  either 
staminato  or  pistillate  ones. 

The  same  terms  ‘ monoecious  ’ and  ‘ dioecious  ’ are  often  applied 
to  the  Cryptogams,  when  their  sexual  organs  are  upon  the  same 
or  different  plants.  They  then  refer,  of  course,  to  the  game- 
tophyte  and  not  the  sporophyte  phase  as  in  the  cases  just 
quoted. 

Some  fiowers  show  a peculiarity  in  form,  which  is  sometimes 
an  adaptation  favouring  cross-pollination.  The  plants  possess 
fiowers  of  two  kinds,  which  are  specially  related  to  each  other. 
The  most  familiar  instance  in  our  own  flora  is  the  common 
Primrose,  which  has  five  stamens  and  a club-shaped  stigma. 
In  some  flowers  the  stigma  is  placed  just  in  the  throat  of  the 
corolla  and  the  stamens  some  little  way  down  its  tube.  In  the 
remaining  flowers  the  positions  are  reversed.  We  have  here  an 
adaptation  to  the  visiting  insect,  for  when  it  touches  the  stamens 
of  a short-styled  form  it  covers  with  pollen  the  part  which  will 
come  in  contact  with  the  stigma  of  the  next  long-styled  flower 
it  alights  upon.  The  best  seeds  are  produced  when  each 
stigma  is  supplied  with  pollen  from  stamens  occupying  a corre- 
sponding position.  . 
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This  arrangement  is  generally  spoken  of  as  dimorphism,  of 
which,  however,  it  is  only  one  form.  Ly thrum  Salicaria ■ is 
trimorphic,  having  two  sets  of  stamens  of  different  lengths  and 
a style  which  differs  from  both.  There  are  three  inodes  of 
arrangement  of  these  organs,  and,  as  in  the  Primrose,  the  most 
serviceable  pollination  is  that  which  takes  place  when  pollen 
from  a stamen  of  a certain  length  is  applied  to  a stigma  of  the 
same  length. 

Other  arrangements  are  physiological  rather  than  structural. 
Of  these  the  strangest  is  what  is  called  prepotency.  When  a stigma 
of  a flower  exhibiting  this  property  is  pollinated  by  pollen  from 
its  own  stamens  and  at  the  same  time  by  pollen  taken  from 
another  flower,  the  latter  is  always  the  originator  of  the  gamete 
by  which  fertilisation  is  effected.  Some  flowers  show  self- 
sterility, that  is,  they  are  never  fertilised  if  only  pollinated  by 
pollen  from  their  own  stamens  ; in  some  few  cases  their  own 
pollen  acts  as  a poison  to  them. 

Though  cross-pollination  is  thus  seen  to  be  most  advantageous, 
it  is  not  universal.  Self-pollination  occurs  in  many  plants ; 
indeed,  in  some,  special  means  have  been  developed  to  secure 
it  in  case  cross-pollination  fails  to  be  effected.  Only  one  of 
these  need  here  be  alluded  to  ; this  is  cleistogamy,  or  the  pro- 
duction of  special  flowers  which  do  not  open,  in  addition  to  the 
normal  ones.  The  pollen  grains  put  out  their  pollen  tubes  in 
the  unopened  flowers,  sometimes  not  even  escaping  from  the 
sporangia.  The  tubes  grow  towards  the  stigmas,  and,  penetra- 
ting them,  reach  the  ovules  as  in  the  case  of  the  normal  flower, 
fertilisation  resulting  in  the  same  way. 

Though  cross-fertilisation  is  seen  to  be  most  advantageous,  it 
is  only  possible  within  certain  limits.  For  a new  individual  to 
be  produced,  the  sexual  cells  taking  part  in  the  process  must 
have  a certain  degree  of  relationship  ; thus  the  antherozoid  of  a 
moss  cannot  fertilise  the  oosphere  of  a fern.  The  most  favourable 
degree  of  relationship  is  that  the  two  gametes  shall  be  produced 
by  different  plants  of  the  same  species.  Such  a union  results  in 
greater  numbers  and  greater  vigour  in  the  offspring.  Plants, 
however,  not  so  closely  related,  may  produce  offspring ; thus  we 
may  have  the  union  of  gametes  of  plants  standing  to  each  other 
in  the  relation  of  varieties  of  the  same  species,  or  very  frequently 
of  distinct  species  belonging  to  the  same  genus,  or  even  of 
species  of  different  genera.  Such  fertilisation  is  known  as 
hybridisation. 

Hybrids  generally  exhibit  peculiarities  of  form  and  structure 
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intermediate  between  those  of  their  parents  ; they  are  generally 
fertile  with  either  of  the  parent  species,  hut  not  usually  so  with 
another  hybrid,  or  to  a much  less  extent.  When  crossed  with 
one  of  the  parent  forms  the  offspring  tend  to  revert  to  that 
form. 

The  result  both  of  pollination  and  of  fertilisation  is  generally 
to  stimulate  the  parts  concerned  to  increased  growth.  In  some 
Orchids  the  ovules  are  not  formed  in  the  ovary  until  the  stigma 
is  pollinated,  and  seem  to  arise  in  consequence  of  that  pro- 
cess. The  stimulus  of  fertilisation  is  still  more  marked.  In 
the  Mosses  its  result  is  to  cause  not  only  development  of  the 
sporophyte  from  the  oosphere  but  a considerable  additional 
growth  of  the  archegonium,  forming  the  calyptra.  The  same 
thing  may  be  noted  in  those  Bhodophycefc  where  a bulky 
cystocarp  is  produced.  The  stimulus  is,  however,  most  easily 
observed  in  the  Angiosperms,  where  not  only  is  the  oosphere 
excited  to  growth,  forming  the  embryo,  but  the  definitive  nucleus 
of  the  embryo  sac  gives  rise  to  the  endosperm,  and  the  pistil 
or  collection  of  macrosporophylls  and  sometimes  other  parts 
of  the  flower  undergo  remarkable  development,  forming  the 
fruit. 

We  have  noticed  that  the  asexual  reproductive  cell,  whether 
spore  or  gonidium,  is  generally  found  to  remain  in  a state  of 
quiescence  for  some  time  after  its  formation.  The  same  thing 
is  seen  in  the  case  of  the  zygote.  In  the  Thallophytes  this 
resting  period  is  sometimes  a long  one  ; in  the  higher  Crypto- 
gams it  iR  not  so  noticeable,  and  in  the  Phanerogams,  where  the 
zygote  is  always  developed  inside  the  sporangium,  it  usually 
proceeds  to  active  growth  at  once.  In  the  latter  plants,  however, 
a resting  period  takes  place  later,  after  the  seed  is  fully  formed. 
The  development  of  the  young  sporophyte  in  fact  takes  place  in 
two  stages,  the  one  ending  with  what  may  be  called  the  maturity 
of  the  seed,  the  other  beginning  with  the  process  of  germination. 
Seeds  when  detached  from  the  parent  plant  preserve  their 
vitality  for  a variable  length  of  time,  sometimes  even  for  years, 
and  are  capable  of  germinating  freely  when  exposed  to  favourable 
conditions. 

The  germination  of  the  dicotyledonous  seed  occurs  in  one  of 
two  methods.  In  the  first  of  these  the  cotyledons  are  thick  and 
fleshy  and  remain  under  ground.  As  the  seed  absorbs  water 
and  swells,  the  radicle  makes  its  way  out  through  the  micropyle, 
the  testa  bursts,  and  the  plumule  makes  its  way  upwards,  the 
epicotyl,  or  part  between  the  cotyledons  and  the  first  leaves, 
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circumnntating  and  emerging  in  the  form  of  an  arch,  owing  to 
the  greater  growth  of  one  side.  After  reaching  the  air  the 
region  of  greatest  growth  changes  to  the  opposite  side  and  the 
epicotyl  straightens  itself.  During  this  time  it  subsists  upon 
the  nourishment  stored  in  the  cotyledons.  This  is  called  hypogean 
germination.  In  the  other  method,  that  of  the  so-called  epigean 
germination,  the  cotyledons  rise  above  the  ground  and  become 
green,  the  hypocotyl  behaving  as  did  the  epicotyl  in  the  first 
case.  These  are  generally,  though  not  always,  albuminous 
seeds,  and  the  nutritive  matter  is  stored  outside  the  embryo. 
In  both  cases  the  root  makes  its  way  into  the  soil  by  virtue 
of  its  geotropism  and  aphcliotropism,  aided  by  the  movement 
of  circumnutation,  and  by  the  adhesion  of  the  root-hairs  to 
particles  of  the  soil.  In  Monocotyledons  the  upper  part  of  the 
single  cotyledon  generally  remains  in  the  seed  and  absorbs  the 
nutriment  from  the  endosperm,  while  its  base  elongates  and 
thrusts  the  young  plant  downwards. 

Sometimes  the  usual  alternation  of  sexual  and  asexual  re- 
production in  the  higher  plants  is  interfered  with  by  the  sub- 
stitution of  the  vegetative  method  for  one  of  them.  In  the 
phenomenon  of  apospory  noticeable  in  some  Ferns  we  have 
small  prothallia  developed  on  the  back  of  the  leaves  in  the  place 
of  spores.  This  is  a case  of  the  production  of  a bud  instead  ot 
an  asexual  cell.  Conversely,  among  the  same  group  of  plants, 
the  sporophyte  sometimes  arises  as  a bud  or  vegetative  outgrowth 
upon  the  prothallium,  a phenomenon  known  as  apogamy. 

There  is  another  kind  of  apogamy  known  which  is  generally 
termed  parthenogenesis.  This  occurs  among  the  Fungi,  where, 
as  in  Saprolegnia,  oospheres  are  formed  in  oogonia,  which  do 
not  become  fertilised  and  yet  have  the  power  of  growing  out 
into  new  plants.  The  formation  of  azygospores , described  as 
occurring  in  Mucor  and  other  plants,  is  another  case  of  the  same 
phenomenon.  This  parthenogenesis  differs  from  the  phenomenon 
described  as  occurring  in  Cce.lebogyne,  where  nevertheless  an 
embryo  is  produced  without  pollination.  This  we  have  seen  to 
be  due  to  a vegetative  budding  of  the  cells  of  the  nnccllus  of 
the  ovule,  the  buds  growing  into  the  megaspore  and  there 
developing  into  embryos. 
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Absence  of  pericycle,  140, 150,  153,  164 
Absorption  by  root-hairs,  390,  410 
— of  gases,  412 

nitrogen  by  Legmninosae,  412  ; by 

pitcher  plants,  414,  428 
Accrescent.  A term  applieil  to  the  calyx, 
when  it  continues  to  grow  after  pol- 
lination of  the  pistil 

Achlamydeous.  Having  neither  calyx  nor 
corolla 

Acropetat  succession.  The  regular  deve- 
lopment of  leaves  or  branches  in  such 
order  that  the  youngest  is  always 
nearest  to  the  apex  of  the  axis  which 
bears  them 

Actinomorphic  flowers.  Flowers  which 
can  be  divided  into  two  precisely 
similar  halves  by  every  possible  ver- 
tical section 

Acyclic  flowers.  Those  in  which  the 
leaves  of  the  flower  arc  arranged 
spirally  on  the  axis  instead  of  being 
in  whorls 

Adhesion.  The  condition  of  union  to, 
or  freedom  from,  one  another  of  the 
separate  whorls  of  the  floral  leaves 
Adventitious.  Arising  irregularly,  or  not 
in  acropetal  succession.  Applieil  to 
certain  branches  of  stem  or  root 
.Ecidiogonidia,  98 
/Ecidium,  83,  98 

r. Estivation . The  mode  in  which  the 

leaves  of  the  perianth  are  arranged  in 
the  flower-bud 
A fter-effect.  487 
Aggregation,  474,  481 
A leurone  grains,  425 
Alliances,  5 

Alternation  of  i/enerations  (antithetical ). 
A regular  alternation  of  gametophyte 
and  Kporophyte  in  the  life  cycle  of  a 
plant,  490 

(homologous).  An  irregular  suc- 
cession of  gainetophy  tes,  some  of 
which  produce  sexual  cells  while  the 
remainder  only  develop  gouidia,  40, 
491 

Amentaceous.  Having  its  flowers  ar- 
ranged in  catkins 
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Amido-aciils,  418 

Amoeboid  movements.  The  creeping 
movements  of  masses  of  naked  proto- 
plasm, 77,  86 
Ampltigastria,  121 
A mphilropous.  Semi-anatropous 
Anabolism,  408 

Anatropous  ovule.  One  whose  nucellus 
remains  straight  but  which  becomes 
inverted  during  development,  owing 
to  the  greater  growth  of  one  side 
Anilrocdum.  The  collection  of  stamens 
in  a flower 
Amlrogonidium,  70 

Androphore.  The  column  or  tube  formed 
by  the  coalescence  of  the  filaments  of 
the  stamens  when  the  latter  are 
motiadelphous 
Aucmophilous,  495 
Annulus,  128,  144,  1G0 
Antheridial  cell  in  Gymnosperms,  185 
Anlheridiophore.  Any  special  part  of  the 
gametophyte  on  which  antheridia 
arise 

Antheridium.  The  organ  in  which  the 
male  gametes,  usually  antherozoids, 
are  developed 

Antherozoids  or  spermatozoids.  Male 
ciliated  gametes,  with  no  cell-wall 
Anlhesis.  The  period  at  which  the 
flower-bud  opens 

Anticlinal.  A term  applied  to  those 
cell-walls  which  are  formed  at  right 
angles  to  the  surface  of  the  growing 
point 

Antipodal  cells,  196 

Anlitropous.  Inverted.  A term  applied 
to  the  embryo 
Apheliotropism,  469 

Apocarpous.  A term  applied  to  the 
pistil  when  its  constituent  carpels  arc 
not  coherent  together 
Apogatny,  136,  499 
ApogeOtropism,  470 
Apophysis,  129 
Apospory,  130,  136,  499 
Apostrophe,  463 
Apotheeium.  94 
Aquatic  phanerogams,  451 
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Archeyoniophore.  Any  special  part  of 
the  gametopliyte  on  which  arche- 
gonia  arise 

Archesporium.  Tlie  cell  or  cells  which 
by  division  give  rise  to  the  mother 
cells  of  the  spores 
Arcliicarp,  79,  91 

Aril.  A third  integument  which  grows 
completely  or  partially  over  the  seed 
springing  from  its  base 
Ascending  sap,  390 

Ascidia.  The  pitchers  of  such  plants  as 
Sarracenia,  Nepenthes,  &c. 

Ascocarp,  93 
Aseogouium,  93 
Ascospores,  92 
Ascus,  91 

Asexual  reproduction,  489 
Ash  of  plants,  410 
Astjly  =schi7.ostely 

Asymmetrical  /towers.  Those  which 
cannot  be  divided  into  similar  halves 
by  any  vertical  section 
Autuecious,  99 
Auxiliary  cells,  60 
Auxospores,  60 

Axil.  The  angle  formed  by  the  junction 
of  leaf  and  stem 
Azygospores,  64,  87 


Basidla,  loo 

llasidiospores  or  basidiogonidia,  102 
Hicollateral  bundles.  Those  which  have 
a strand  of  bast  bolb  before  and  be- 
hind the  strand  of  wood 
Bye-products  of  metabolism,  436,  439 


Caducous  sepals.  Those  which  become 
detached  from  the  flower  when  the 
flower-bud  opens 

Callus.  The  material  which  is  developed 
upon  the  surface  of  sieve-plates.  Also 
applied  to  the  tissue  which  grows  over 
and  covers  wounds  made  in  a stem  or 
root 

Oalyptra,  127 

Cam pylot ropous  ovule.  One  whose  nu- 
cellus  is  curved  so  that  the  micropyle 
is  placed  close  to  the  hilum 
Capillitium,  86 
Oapltulum  (of  Olmra),  72 
Carpogouium,  46,  59,  91 
Carpophore.  The  part  of  the  axis  of  the 
flower  which  is  between  or  above  the 
carpels,  and  to  which  they  are  at- 
tached 

Oarposporangia,  60 
Oaru  nclos  = s tropl  doles 
Catabolism,  408,  435 
Caud ides.  The  stalks  of  the  pollinla  ill 
the  Orchidaccre 
Cell-wall,  composition  of,  395 
Chalaza.  The  point  at  which  the  vas- 
cular bundle  reaches  the  ovule 
Cheinotaxis,  476 


Cldamydospore,  87 
Chlorophyll,  415,  437 
Ohloroplasts.  The  chlorophyll  corpus- 
cles, 408,  415 
Chlorotic  plants,  438 
Chorisis.  An  increase  in  the  numbei  of 
the  parts  of  a floral  whorl  due  to  the 
division  or  splitting  of  its  primary 
members 

Cl  iromatophores  = ehromoplasts 
C'hromoplasts.  Small  protoplasmic  bodies 
found  in  certain  cells  and  containing 
colours  other  than  green 
Cilia.  Vibratile  filaments  of  protoplasm 
found  on  zoospores,  gametes,  «S:c.  Also 
applied  to  the  inner  row  of  teeth  of 
the  peristome  of  mosses 
Ciliary  motion,  483 
Oircumnutation,  451 
Cirrh  us.  A tendril 

Cladode.  A branch  which  in  shape 
resembles  a leaf 
Cleistogamy,  497 
Cleistothecium,  93 
Coonobium,  44 

Cmwa/te.  A plant  body  in  which  the 
constituent  protoplasts  are  not  sepa- 
rated from  each  other  by  cell-walls. 
Usually  a common  cell-wall  invests 
the  whole 

Cohesion.  The  condition  of  union  or 
freedom  of  the  separate  members  of 
the  whorls  of  the  floral  leaves 
Cohorts,  5 

Vollenchyma.  A parenchymatous  or 
prosenchymatous  tissue,  the  cells  of 
wldch  are  thickened  at  their  angles 
Columella,  86, 128 

Cotnose.  A term  applied  to  seeds  which 
bear  a tuft  of  hairs 

Conceplades.  Depressions  in  the  surface 
of  the  tliallus  of  certain  Algai  in 
which  the  reproductive  organs  are 
borne,  52 

Conjugation.  The  fusion  of  two  similar 
gametes,  493 

Coriaceous.  Leathery — applied  to  leaves 
Cormophyte.  A plant  which  possesses 
stem  and  leaf 

Corona.  A cup-shaped  body  formed  by 
the  lateral  union  of  scales  borne  upon 
the  perianth  leaves  at  the  junction  of 
claw  and  limb,  as  in  the  Daffodil 
Oryptostomata,  54 
Crystalloids,  425,  426 
Cupule.  The  involucre  of  the  female 
flower  of  the  Oak,  Hazel,  &c. 

Cushion.  The  central  thick  region  of 
the  proth.allus  of  the  fern,  146,  147 
Cystocarp,  41,  60 
Oytasc,  430,  132 


Dei/ optical  ion.  A doubling  of  the  mini 
her  of  parts  of  a floral  whorl 
Definitive  nucleus,  196 
Diageotropism,  470 
Diaheliotropism,  469 
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Dialystely.  A variety  of  polystely  in 
which  the  separate  steles  remain  for 
the  most  part  independent  during 
their  longitudinal  course 
Diaphragm  of  Salvinia,  158 

Selaginella,  173 

Diarch.  A term  applied  to  the  stele  of  a 
root  which  has  ouly  two  protoxylcon 
groups 
Diastase,  430 
Dichogamy,  405 

Dichotomows  branching.  Branching 
which  results  from  the  division  of  a 
growing  point  with  two  equal  parts 

in  Liverworts,  1 15 

in  Selaginella,  170 

Dicliuism,  496 

Diclinous.  A term  applied  to  plants 
whose  flowers  contain  either  stamens 
or  pistil,  but  not  botli 
Didynamous.  A term  applied  to  an  an- 
drceciuui  which  consists  of  two  pairs 
of  stamens,  one  pair  being  shorter 
than  the  other 

Differentiation , histological.  The  de- 
velopment of  various  kinds  of  celis  in 
the  interior  of  a plant 
— morphological.  The  segregation  of 
the  plant  body  into  different  members 
— physiological.  The  assignment  of 
iliffereut  functions  to  different  struc- 
tures, or  different  parts  of  a plant 
Dimorphism,  497 

Dioecious.  Producing  the  male  and 
female  gametes  on  iliffereut  plants. 
Also  applied  to  Phanerogams  in  which 
stamiuate  and  pistillate  flowers  are 
produced  on  different  plants,  496 
Diplostemonous.  A term  used  to  indicate 
that  an  androecium  consists  of  two 
whorls  of  stamens  in  regular  alterna- 
tion with  the  perianth  leaves 
Dissepiments.  The  partitions  which  are 
found  in  some  compound  ovaries 
Distribution  of  seaweeds,  43,  57 
Dorsicentral  leaves.  Those  whose  upper 
and  lower  halves  have  a different 
structure 

Dwarf-male  of  CEdogonium,  7u 


Ectoplasm.  The  outer  layer  of  the  proto- 
plasm of  a cell 
Egg-apparatus,  196 
Elaioplasts,  427 
Platers  of  Equisetuui,  16 1 

— — Hepaticffi,  112 
Embryo  of  Cycadem,  187 
Embryonic  branches  of  Chara,  48,  74 
Emergences.  Outgrowths  from  a plant 

which  consist  of  ground  tissue,  covered 
by  epidermis 
Eimtlsiii,  4 30,  133 

Endophytic.  Living  in  cavities  in  other 
plants,  49 

Endosperm  of  Augiosperms,  197 
Uymiiospurnis,  186 

— Selaginella,  173 


Entomophilous,  495 
Enzymes,  420,  429 

Epiblema.  The  outermost  layer  of  cells 
covering  the  root 

Epicotyl.  The  part  of  a seedling  which 
extends  from  the  insertion  of  thecoty- 
ledous  totliatof  the  first  foliage  leaves 
Epigynous.  Springing  apparently  from 
the  summit  of  the  ovary.  A term 
applied  to  corolla  and  stamens 
Kpiuasty,  451 
Epipkragm,  129 

Epiphytes.  Plants  which  grow  attached 
to  other  plants,  but  do  not  derive 
nourishment  from  thorn  parasitically, 
457 

Epiplasm,  94 

Epispenn.  The  outer  coat  of  the  seed 

Epispore,  157,  161 

Epistrophe,  463 

Erythrophyll,  446 

Ervthrozym,  430 

Etiolated  plants,  461 

Etiolin,  438;  461 

Ensporangiate.  Having  sporangia  which 
arise  from  more  than  one  cell,  132 
Evolution  of  sex,  56,  64,  68,  492 

sporophyte,  492 

Exceptions  to  typical  characters  in 

Calyciflora;,  263,  345 

Exceptions  to  typical  characters  in 

Disciflorre,  263,  317 

Exceptions  to  typical  characters  in 

Gamopetalse,  263,  381 
Exceptions  to  typical  characters  in 

Thalamiflorm,  262,  299 
Excretion,  436 

Exodermis.  A peculiarly  thickened  layer 
of  cells,  lying  generally  immediately 
under  tlie  epiblema  of  ttie  root 


Fatigue,  479 

Fermentation,  alcoholic,  445 
Fertilisation.  The  fusion  of  two  dis- 
similar gametes.  The  term  is  some- 
times used  to  signify  the  application 
of  the  pollen  of  a flowering  plant  to 
the  stigma  or  ovule.  This  should, 
however,  be  called  pollination , 493 
Floats  of  megaspore  of  Azolla,  157 
Foliose  liverworts,  121 
Formation  of  carbohydrates,  417 

proteids,  418 

Frustule,  50 
Fungus-cellulose,  78 


Gametangium.  The  structure  in  which 
sexual  cells  are  produced 
Gametes.  Sexual  cells 
Gamelophore.  Any  special  part  of  the 
gametophyto  on  which  gametangia, 
autheridia,  or  arehegonia  are  borne 
Gumetophyte.  The  phase  of  the  plant 
which  is  marked  by  the  power  of  pro- 
duction of  sexual  cells  or  gametes.  It 
may  be  actual  or  potential,  16,  491 
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Gamodesmic.  A term  used  to  indicate 
that  the  several  vascular  bundles  of  a 
stele  are  fused  together  instead  of 
being  separated  by  conjunctive  or 
ground  tissue 

Gamopetalous.  Having  the  petals  coher- 
ing laterally  (similarly  gamosepalous) 
Gamostelic.  The  condition  when  the 
steles  of  a polystelic  stem  are  arranged 
in  a ring  and  more  or  less  completely 
fused  together  laterally 
Gemma;.  V egetati ve  reproductive  struc- 
tures found  among  the  Thallophyta 
and  Bryophyta,  47,  74, 114,  121, 127 
Genera,  3 

Genetic  spiral.  The  line  which  may  be 
drawn  round  a stem  with  alternate 
pliyllotaxis,  passing  In  regular  succes- 
sion through  the  bases  of  the  leaves 
Geotropism,  470 
Gills  (of  Mushroom),  101 
Globoids,  425 

Globule.  The  antheridiiun  of  Ohara 
Qlochidia,  157 
0 Incase,  430,  431 
Glucosides,  427,  433 

Gonidangia.  The  structures  in  which 
gonidia  are  produced 
Goniilia.  The  asexual  reproductive  cells 
produced  upon  gametophytes.  They 
are  sometimes  also  called  spores 
Gonidiophore,  80 

Gonidiophylls.  Leaves  of  the  gameto- 
phytc  which  bear  gonidangia 
Gonimoblasts,  00 
Growth,  4-10 

effect  of  light  upon,  403 
— grand  period  of,  449 
Gynandrous.  A term  used  to  indicate 
that  the  filament  or  filaments  of  the 
nndrcecium  of  a flower  are  united  with 
the  upper  part  of  the  pistil,  forming 
a central  column 

Gynobnsic  style.  One  which  springs  from 
the  base  of  the  carpel  instead  of  its 
apex 

Gynecdum.  The  pistil,  or  collection  of 
carpels  in  a flower 

Gynophore.  The  part  of  the  axis  of  the 
flower  between  the  insertions  of  the 
stamens  and  ovary 

II apt  era.  The  organs  of  attachment  of 
certain  Alga',  45 

llaustoria.  The  outgrowths  through 
which  many  parasites  absorb  nourish- 
ment from  their  host  plants.  They 
are  generally  of  the  nature  of  roots 
Heliotropism,  409 

Hemlcydic  flowers.  Those  in  which  the 
perianth  leaves  are  arranged  in  whorls 
and  the  sporopliylls  in  spirals 
Hermaphrodite.  A term  applied  to 
flowers  possessing  both  stamens  and 
carpels,  also  to  gametophytes  produ- 
cing reproductive  cells  of  both  sexes 
Heterocysts,  48 


Heterodromous.  A term  used  to  indicate 
that  the  genetic  spiral  of  the  leaves  of 
a stem  turns  in  a different  direction 
from  those  of  the  branches 
Hetercecious.  A term  applied  to  certain 
fungi,  which  in  different  phases  of 
their  life  infest  two  different  plants. 
99 

Heteroyamous.  Having  differentiated 
male  and  female  gametes 
lieteromerous,  100 

lleterospory.  The  peculiarity  of  produ- 
cing macrospores  and  microspores,  pos- 
sessed by  many  of  the  Pteridophyta 
and  all  the  Phanerogamic,  490 
Homodromous.  A term  used  to  indicate 
that  the  genetic  spiral  of  the  leaves 
turns  in  the  same  direction  in  the 
stem  and  its  branches 
Homoiomcrous,  100 

Ilomosporous  = isosporous.  Possessing 
oidy  one  kind  of  spore 
J/omotropous.  Erect.  A term  applied  to 
the  embryo 

Uormogonia.  Vegetative  reproductive 
bodies  of  the  Oyanophycore,  48 
Humus,  390 
Hybridisation,  497 
Hydrophilous,  405 
Hydrotropism,  476 
Hymcnial  layer,  94, 102 
llyplue.  The  thread-like  cells  or  fila- 
ments of  the  fungi 

llypoeotyl.  That  part  of  the  axis  of  a 
seedling  which  lies  between  the  base 
of  the  radicle  and  the  insertion  of  the 
cotyledons 

llypoderma.  The  region  immediately 
underlying  the  epidermis 
Ilypogynous.  Springing  from  the  axis 
of  the  flower  below  the  ovary.  Applied 
to  petals  ami  stamens 
Hyponasty,  451 
Hypophysis,  199 
l/ypsophyll . Bract 


Jndusium.  The  membrane  covering  a 
sorus  or  collection  of  sporangia,  143, 
156 

Integuments,  181 

1 nulase,  430,  431 

Invcrtasc,  430,  431 

Involucre.  A whorl  or  collection  of  bracts 
at  the  base  of  a flower  or  an  inflores- 

Irritability,  459 

Iso-bilateral . A term  applied  to  leaves 
whose  upper  and  lower  halves  have 
the  same  structure 

Isogamous.  Having  gametes  which  arc 
not  differentiated  into  male  and 
female 

Isomerous  flowers.  Those  which  have 
the  same  number  of  parts  in  each  of 
the  floral  whorls 

Isosporous.  A term  applied  to  plants 
which  have  spores  of  only  one  kind 
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Isostemonous.  Having  the  same  number 
of  stamens  as  of  sepals  anil  petals 


Karyokinesis.  The  process  of  indirect 
division  of  the  nucleus 
Klinostat,  471 


Latent  period,  487 

Lfptosporangiate.  A term  applied  to 
those  plants  whose  sporangia  arise 
each  from  a single  epidermal  cell,  132 
Leuegplasis.  The  plastids  which  form 
starch  grains  in  parts  of  plants  not 
exposed  to  light,  424 
Ligule  of  grasses,  228 
— — Lycopodium,  170, 174 
Localisation  of  sensitiveness,  473,  478 
Loculicidal.  Splitting  down  the  dorsal 
sutures.  Applied  to  the  dehiscence  of 
capsular  fruits 
Lodicules,  229 

Lysigenous  spaces.  Such  as  are  produced 
by  the  absorption  or  disintegration  of 
cells 


Macrospores = megaspores 
Manubrium.  72 

Marcescenl.  A term  applied  to  the 
calyx  or  corolla  when  it  withers  after 
pollination  but  does  not  become  de- 
tached 
Massula,  157 

Megasporangia-development  in  Phane- 
rogams, 181 

Megaspores.  The  larger  spores  borne 
by  heterosporous  plants 
Meiostemonous.  Having  fewer  stamens 
than  petals 

Merismatic.  Capable  of  division.  A 
term  applied  to  groups  or  bands  of 
cells  which  undergo  continuous  multi- 
plication 

Meristeles.  The  branches  of  the  stele 
which  enter  the  leaves 
Meristetn.  A collection  of  cells  which 
increases  continuously  by  cell-division 
Metabolism.  The  chemical  changes  as- 
sociated with  the  life  of  protoplasm, 
4U8 

Micrnpyle.  The  aperture  left  at  the 
apex  of  the  ovule  in  consequence  of 
the  integuments  not  completely  en- 
closing it 

Microsporangia-devclopment  in  Phane- 
rogams, 179 

Microspores.  The  smaller  spores  borne 
by  heterosporous  plants 
Monadelphous.  A term  used  to  indicate 
that  the  stamens  of  a (lower  are  united 
by  the  bases  of  their  filaments 
Monandrous.  Having  only  one  stamen 
Monochin  my  den  ns.  Having  only  one 

whorl  of  perianth  leaves 
Monoecious.  A term  applied  to  those 
Phanerogams  which  prod ucestamiu ate  I 


and  pistillate  flowers  upon  the  same 
plant.  Also  used  to  indicate  gameto- 
phytes  which  bear  both  antheridia  and 
arehegonia.  49G 

Monopodia! . A term  applied  to  such 
branch  systems  as  have  a main  axis 
produced  by  the  continuous  activity  of 
a single  growing  point 
Monostely.  The  condition  in  which  the 
centre  of  the  axis  of  the  plant  is  occu- 
pied by  a single  stele  which  is  con- 
tinuous with  the  plerome 
Mycelium.  The  delicate  network  of 
thread-like  cells  or  coenoeytes  which 
form  the  body  of  a fungus 
Myrosin,  430,  433 


Natural  Orders,  4 
Nitrification,  412 

Xucellus.  The  body  of  the  ovule,  181 
Xucleoplasm.  The  substance  of  which 
the  nucleus  is  composed 
Nutation,  451 

Nyctitropic  movements,  464 


Obdiplostemonous.  A term  used  to  indi- 
cate an  androecium,  which  consists  of 
two  whorls  of  stamens,  those  of  the 
outer  whorl  being  opposite  to  the 
petals 

Occurrence  of  Monochlamydeous  flowers 
in  Polypetalm  anil  Gamopetalte,  263 
j Ochre  at.  The  stipules  of  the  Polygonacete 
Oidium,  82 

j Ooblastema  filament,  60 
| Oogamous.  Producing  gametes  of  two 
kinds,  one  male,  the  other  female 
Oogonium.  The  organ  in  which  the 
female  gametes  of  the  Thallophytes 
are  developed 

Oosphere.  The  female  gamete  before 
fertilisation 

oospore.  The  body  formed  by  the  fer- 
tilisation of  an  oosphere.  Often  called 
a zygote 

Operculum.  The  lid  of  the  capsule  of  a 
moss,  128 

Orlhostichies.  The  vertical  ranks  of  the 
leaves  upon  a stem 

Orthotropous.  A term  applied  to  ovules 
which  grow  vertically  from  the  pla- 
centa, so  that  the  cbalaza  and  the  hilum 
are  close  together  at  the  base,  and  the 
micropyle  is  at  the  opposite  end  or 
apex 

Osmosis,  385 
Ostioles,  52 
Oxidase,  433 


1'alete.  Scarious  leaves  which  form  the 
outer  covering  of  the  flowers  of 
grasses:  also  scales  which  are  found 
at  the  bases  of  the  flowers  in  the  eapi- 
tula  of  certain  Oomposita1 


MANUAL  OF  BOTANY 


506 


Pappus.  The  hairy  or  feathery  calyx 
of  the  flowers  of  the  Composite?  and 
allied  orders 
Paralieliotropism,  462 
Panvphyses.  Hair-like  outgrowths  formed 
among  the  sexual  organs  or  sporangia 
of  Thallophytes,  Bryophytes,  and 
Perns,  53 

Parasites.  Plants  which  live  upon  other 
plants  or  animals  by  absorbing  nutri- 
tive materials  from  their  tissues,  457 
Paratonic  action  of  light,  463 
Parthenogenesis.  The  development  of  a 
new  plant  from  a sexual  cell  without 
fertilisation,  499 
l’ectase,  430,  433 

PelOria.  A term  applied  to  the  condition 
when  flowers  winch  are  normally  ir- 
regular in  form  become  regular 
Pepsin,  430,  432 

Periblem.  The  embryonic  tissue  which 
gives  rise  to  the  cortex  of  vascular 
plants 

Pericambium.  An  old  name  for  the  peri- 
cycle  of  the  root 
Periclnetium,  1 1 7 

Periclinal.  A term  applied  to  cell-walls 
which  are  formed  parallel  to  the  sur- 
face of  the  growing  point 
Pericycle.  The  circumferential  layer  of 
tlie  stele 
Peridlum,  102 
Perigynium,  118 
Perinium,  157 
Periodicity,  4H6 

Peripherical.  A term  applied  to  the 
embryo  when  it  more  or  less  completely 
surrounds  the  endosperm  in  the  seed 
Periplasm,  86 

Perisperm.  The  remains  of  the  nucellus 
of  the  ovule  when  it  is  not  all  absorbed 
by  the  megaspore  or  embryo  sac  during 
tiie  development  of  the  latter,  188 
Peristome,  128 
Pcritheeium,  94 
Phototaxis,  47u 
Phototon  us,  460 

Phragmata.  Spurious  dissepiments  cross- 
ing the  ovary  horizontally,  as  in  Cassia 
Phycocyanine,  45 
Phycoerythrinc,  45 
Phycophaelnc,  46 
Phyeoxanthine,  46 

Phyllarii's.  The  bracts  forming  the  invo- 
lucre of  the  Composites  and  allied  orders 
Phyllotaxis.  The  arrangement  of  the 
leaves  upon  the  stem 
Pilous,  1UI 

Placenta.  The  part  of  the  sporophyte  on 
which  the  sporangia  arise 
Plasm  odium.  The  body  of  a Myxoiny- 
cetc,  77,  86 

Plerome.  The  embryonic  tissue  which 
gives  rise  to  the  stele 
Pollination,  494 

Pollinia.  The  masses  of  pollen  produced 
in  the  lobes  of  the  anthers  of  the 
Orehidaeeic  and  Aselepiadaecai 


Pollinodium,  79,  88 
Pollinoid,  59 
Polygamous,  496 

Polystely.  The  condition  in  which  the 
vascular  tissue  of  the  axis  is  arranged 
in  several  steles,  each  containing  more 
than  one  vascular  bundle 
Prceflo ration.  The  arrangement  of  the 
leaves  in  the  flower-bud 
Prefoliation.  The  arrangement  of  the 
foliage  leaves  in  the  bud 
Prepotency,  497 

Primordial  cells.  Cellswith  no  cell-wall 
Primordial  utricle.  The  part  of  the 
protoplasm  of  a cell  which  lines  the 
cell-wall 

ProCambium.  The  embryonic  tissue  that 
develops  into  the  vascular  bundles 
Procarpium.  The  female  organ  of  the 
Rhodopliyee®  and  the  Ascomycetcs 
Pro-embryo  of  Ohara,  74 
Pro-mycelium,  75,  87 
Protandry,  496 

Proteids,  classification  of,  419 
Proterogyny,  496 
Protliallium,  135 
Protobasidium,  98 

Protonema.  The  body  produced  from  the 
spore  of  a Bryophyte,  on  which  the 
gauietopliyte  is  developed  vegetatively 
Protoplasts.  The  separate  aggregations 
of  protoplasm,  eacli  of  which  consti- 
tutes tiie  living  substance  of  a cell,  383 
Pseudocarp.  A fruit  into  the  compo- 
sition of  which  other  parts  than  the 
pistil  enter 
Pseudopodia,  85,  483 
Pycnidia,  81,  95 
Pyramids,  46 


(pi  in c.uncial.  A term  applied  to  the 
mstivatiou  of  such  flowers  as  have 
live  leaves  in  a wliorl,  arranged  so  that 
two  are  overlapped  on  both  sides  by 
their  neighbours,  two  are  not  over- 
lapped at  all,  aud  tiie  fil  th  is  overlapped 
on  one  side  oidy 


Races,  2 
Rumenta,  139 

Ilaphe.  The  part  of  the  funiculus  which 
is  adherent  to  the  side  of  an  anatro- 
pous  or  amphitropous  ovule 
Receptacle.  The  dilated  apex  of  a 
peduncle  on  which  several  flowers  are 
borne,  as  in  a capitnlum.  Sometimes 
applied  to  the  axis  of  the  flower  within 
or  above  the  calyx 
Rcetipetnlity,  453 

Rejuvenescence.  A process  in  which  tiie 
protoplasm  of  a cell  withdraws  from 
tiie  cell-wall,  rounds  itself  off  in  tiie 
cavity,  and  secretes  a new  cell-wall 
for  itself.  It  is  one  of  Hie  processes 
of  the  formation  of  new  cells 
Rennet,  43U 
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Replum.  The  spurious  longitudinal  dis- 
sepiment of  the  siliqua  and  silieula. 
It  is  formed  by  an  outgrowth  from  the 
two  placentas,  and  not  by  the  edges  of 
the  earpellary  leaves,  275 
Respiration,  410 

— anaerobic,  445 

Retinacula.  Glandular  bodies  at  the 
bases  of  the  pollinia  in  some  Orchids 
Rhamnase,  430,  433 
Rhizophores,  171 
Rhythm,  485 

— artificial,  487 
Root-hairs,  action  of,  301 
Hoot-parasitism,  414,  458 
Root-pressure,  392,  400 

Rostellum.  A peculiar  projection  into 
the  flower  of  some  Orchids.  It  is 
formed  by  a modification  of  one  of  the 
stigmas 


Saprophytes.  Plants  which  grow  on 
decaying  organic  matter,  from  which 
they  derive  their  nourishment,  66 
Sarcocarp.  The  fleshy  middle  layer  of 
the  drupe 

Schizostely.  A condition  in  which  an 
axis  has  several  steles,  each  of  which 
is  composed  of  only  one  vascular 
bundle,  151 
Selerotia,  82,  95 
Scutiform  leaf  of  Salvinia,  159 
Secondary  growth  in  thickness  in  Thal- 
lophytes,  40,  44,  45,  52,  55 

— iu  Isoetes,  133,  174,  175 

Opliioglossace®,  133, 150 

Secretion,  436 

Seed,  structure  of,  188 
Self-sterility,  497 

Septicidal.  Splitting  down  the  ventral 
sutures.  Applied  to  the  dehiscence  of 
capsular  fruits 

tieptifrajal.  A term  applied  to  the 
mode  of.  dehiscence  of  capsules  in 
which  the  pericarp  becomes  detached 
and  leaves  the  seeds  adhering  to  a 
central  column  formed  by  the  axile 
placentas 
Series,  5 

Sexual  reproduction,  490 
Shields,  72 

Sleep  movements,  464 
Soredia,  107 

Sorus.  A collection  of  sporangia 
Species,  2 

— derivation  of  names  of,  7 
Spermatium,  59,  79,  91 
Spermat07/>id=antherozoid 
•Spermogonium,  79, 91 
Sphacelia,  95 
Sporidium,  97 

Sporophore.  The  part  of  the  sporophyte 
which  bears  the  sporophylls.  Usually 
applied  to  the  inflorescence  of  Phane- 
rogams 

Sporophylls.  Leaves  which  bear  spo-  | 
rnugia 


Sporophyte.  Tue  phase  of  the  plant 
which  is  characterised  by  the  produc- 
tion of  spores,  and  cannot  produce 
sexual  cells 
Sports,  2 

Starch  grains,  formation  of,  424 
Stele.  A strand  of  tissue  in  which  are 
embedded  one  or  more  vascular  bun- 
dles, and  which  is  surrounded  by  an 
endodermis 

Stereome.  The  supporting  tissue  of  the 
plant.  It  includes  the  vascular  bun- 
dles and  the  sclerenchyma  and  colleu- 
chyma 

Sterigma,  79,  91 
Stipes,  101 

Stipules.  Branches  of  the  hypopodium 
or  leaf-base 

Stoma  of  Marchautia,  115 
Stomata,  action  of,  408 
Stomium.  The  cells  of  the  annulus  of 
the  fern  which  rupture  to  allow  of  the 
escape  of  the  spores,  144 
Stromata,  95 

Strophioles.  Small  protuberances  grow- 
ing from  various  regions  of  the  testa 
of  the  seed.  They  are  never  developed 
before  fertilisation 
Stylogonidia,  80 

Stylopodium.  The  epigyuous  disc  found 
in  the  flowers  of  the  Umbellifer® 
Sub-classes,  5 

Suspensor,  134,  165,  187,  198 
Symbiosis.  A term  employed  to  denote 
the  living  together  of  two  plants  to 
their  mutual  advantage.  The  best 
example  is  afforded  by  the  Lichens. 
See  also  120, 154 
Synangium,  132,  152,  168 
Syncarpous.  Having  the  carpels  coher- 
ing together  to  form  a compound  ovary 
Synergid®,  197 

Syngenesious.  A term  applied  to  sta- 
mens whose  anthers  are  united  to- 
gether, while  their  filaments  are  free 
Systems  of  classification,  14, 15 


Tapelum.  A nutritive  layer  usually 
surrounding  the  sporogcuous  tissue  of 
the  archesporium 

Teleutospore  or  teleutogonidium,  80,  97 
Tendrils,  472 
Tensions  in  plants,  452 
Tetradynamous.  A term  applied  to  the 
arrangement  of  the  stamens  iu  the 
Crucifer® 

Tetraspores  or  tetragonidia.  The  asexual 
reproductive  cells  of  the  Rhodophyoe® 
Thallose  liverworts,  114 
’Phallus.  A plant  body  showing  no  dif- 
ferentiation into  stem,  leaf,  and  root 
Theca.  The  moss  capsule,  127 
Thermotonus,  460,  167 
Thy  loses.  A tissue  often  found  in  the 
interior  of  vessels  or  trachelds.  It  is 
formed  by  a cell  of  the  adjacent  tissue 
boring  its  way  into  the  vessel  through 
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a pit  and  then  multiplying  by  cell- 
division 
Trama,  101 

Transfusion  tissue.  A tissue  surrounding 
the  vascular  bundles  in  the  meristeles 
of  the  leaves  of  the  Coniferns 
Transpiration,  102 
Trieliogyne,  4G,  59,  79,  94 
Trypsin,  430,  432 
Tiillen  = thyloses 
Turgeseence,  387 

Uredospores  or  uredogonidia,  97 

Vacuole,  formation  of,  386 

— contraotile,  484 
Vallecular  cavities,  161 

V arioties  or  sub-species,  2 
Vegetative  reproduction,  488 
Vclameu,  457 
Velum  partiale,  101 

— universale,  102 


Vernation.  The  arrangement  of  the 
foliage  leaves  in  the  bud 

Xanthophyll,  416,  440 

Xeroplnlous  plants,  456 

Zoocccnocyte.  A free-swimming  oceno- 
cyte,  67 

Zoogloea,  84 

Zoogonidia  or  zoospores.  Asexual  repro- 
ductive cells  with  cilia  but  no  cell- 
wall 

Zoophilous,  495 

Zygomorphic  flowers.  Those  which  can 
be  divided  into  two  precisely  similar 
halves  by  a vertical  section  in  one 
plane  only 

Zygospore.  The  body  produced  by  the 
coalescence  of  two  similar  gametes 

Zygote.  The  body  produced  by  the  pro- 
cess of  fertilisation  or  conjugation. 
It  may  be  a zygospore  or  an  oospore 

Zymogen,  429 
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Abies,  192 

Abietacete,  187,  190,  192 
Acanthace®,  373 
Acerace®,  313 
Acetabularia,  0C 
AchlamydoSpore®,  245 
Aehlya,  81,  82 
Achymntlies,  239 
Aconitum,  2G5,  207 
Acore®,  221 
Acorns,  221 
Acotyledone®,  17.  18 
Acotyle<lones,  10 
Acramphibrya,  20 
Acrobrya,  19 
Acrogens,  21 
Act*a,  200 
Atliantum,  133 
Adoxa,  349 
TEcidiomycetes,  83,  95 
-Esenins,  312 
yEtbalium,  80 
iEthusa,  339,  341 
Agaricin®,  102 
Agaricus,  40,  101 
Agave*,  210 
Agrostide®,  231 
Ajnga,  370 
Ajugoide®,  370 
Alchemilla,  321 
Algae,  43 
Alisma,  201,  223 
Alismaceae,  223 
Alisme®,  223 
Allioideae,  214 
Allium,  214 
Almond,  319 
Alnus,  255,  258 
Aloe,  213 
Aloysia,  374 
Alsine®,  287 
Alstrnemeria,  212 
Amarantace®,  238 
Amarantns,  239 
Amaryllrae,  210 
Amaryllidace®,  210 
Amentifer®,  258 
Ampelidace®,  311 
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Amphibrya,  19 
Amygdale®,  319,  323 
Anacardiace®,  314 
Anacharis,  203 
Anagallis,  361,  302 
Auanassa,  208,432 
Andromeda,  359 
A ndromede®,  359 
Andropogone®,  231 
Aneimia,  142 
Anemone,  205 
Anemone®,  2GG 
Aneuro,  122 
Angiopteris,  151 
Angiosperm®,  178,  195 
Angiosperms,  18 
Anonaee®,  267 
Anophyta,  19 
Antbemide®,  355 
Autboeeros,  49, 114,  120 
Antliocerotace®,  112,  111 
Anthostema,  248 
Anthyllis,  325 
Antirrliine®,  372 
Apetal®,  10,  20,  237 
Aphyll®,  17, 18 
Apocarp®,  223 
Apocynace®,  304 
Apouogetone®,  224 
Apostasie®,  204,  200 
Apple,  322 
-Aquifoliace®,  310 
Aquilegia,2G5 
Arabis,  270 
Arace®,  220 
Araliace®,  341 
Araucariace®,  192 
Arbnte®,  359 
Arisarnm,  221 
Aristoloebia,  242 
Aristolochiace®,  2 1 1 
Armeria,  301 
Aroide®,  221 
Artocarpus,  251 
Arum,  220 
| Asarum,  242 
1 Asclepiadacc®,  301 
Asclepias,  181,195,305 


Aseoliolienes,  103 
Aseomycetes,  80,  83,  91 
Asparage®,  215 
Asparagus,  215 
Asperifoli®,  15 
Asphodele®,  214 
Aspidium,  143 
Aster,  353 
Asterales,  350 
Asteroide®,  35 1 
Astrantia,  341 
Athyrium,  130 
Atriplioe®,  238 
Atropa,  371 

Aulocomnion,  113,  127,  128 
Aurantie®,  307 
Autobasidlomycetes,  103 
Avena,  229 
Avene®,  231 
Averrhoa,  307 
Azalea,  359 

AzoUa,  49,  162,  154, 155,  495 


Bacteria,  84,  475 
Balanophprace®,  240 
Balanopse®,  24S 
Balsaminace®,  305 
Bambuse®,  231 
Bangiace®,  02 
Barosma,  309 
Baselle®,  238 
Basidioliclieues,  103 
Basidiomycetes,  78,  83,  10  ), 
102,  103 
Batidace®,  239 
Batis,  239 
| Bauhinia,  460 
! Bay  (Sweet),  244 
Beech,  257 
Begoniace®,  337 
Beutinckia,  480 
J Berbere®,  269 
1 Berberidace®,  268 
Berberis,  209,  472 
Bertliolletia,  330,  427 
Beta,  238,  425 
Betnla,  255,  258 
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Betnlace®,  258 
Betule®,  255 
Bicarpellat®,  363 
Bignonia,  4G9 
Bignoniacere,  73 
Bixace®,  281 
Blasia,  120 
Boerliaavia,  238 
Borage®,  368 
Boraginace®,  367 
Boroniere,  307 
Botrychium,  15o,  161 
Botrydium,  66 
Botrytis,  432 
Brassicn,  276 
Brazil-nut,  33u 
Bromelincete,  207 
Brotnns,  228 
Bruniace®,  328 
Bryonia,  336 
Bryophyllum,  488 
Bryopkyta,  37, 108 
Buckthorn,  31 1 
Buckthorn  (Sea),  246 
Bunins,  277 
Bupleurum,  338,  311 
Burmanniace®,  203 
Bnrscrncere,  303 
Butomca',  224 
Butomus,  221 
Buxe®,  248 
liuxus,  218 
Byttnoriacere,  291 


Cabbage,  277 
Cnbombn,  271,  485 
Cnbombea\  270 
Cnctaccre,  337 
C®salpine®,  325 
Cakile,  276 
Catamites,  161 
Calamus,  217 
Calceolaria,  372 
( inlendule®,  355 
Calleaj,  221 
Cnllitriehero,  329 
Onlthn,  265 
Calycanthacc®,  267 
( 'alycorneerc,  352 
Calyolflone,  17,  318 
Calycin®,  216 
Campannics,  356 
Campanula,  357 
Campanulaceie,  857 
CnmpauulcH!,  357 
Canellaceie,  284 
Cnnna,  207 
Cannabine®,  251 
Cannabis,  251 
(Jaime®,  207 
Capparidace®,  282 
Caprifoliace®,  348 
Caprifolium,  319 
Capsella,  276 
Caraway,  311  » 

Carex.  226,  227,  228 
Carica,  432 
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Caricere,  228 
Carpjnus,  256,  258 
Carpoasci,  103 
Carrot,  340,  341 
Caryophyllace®,  286 
Caryophyllales,  286 
Castanca,  257 
Castor-oil  plant,  248 
Casuarina,  254 
Casnarinacere,  254 
Cnulcrpa,  39,  44,  15,  66 
Cauliflower,  277 
Ccdrela,  309 
Gcdrelaccre,  309 
Cedrus,  192 
Oelastracero,  3 1 1 
Celastrales,  310 
Celery,  341 
Gellulares,  17,  18 
Cclosia,  239 
Celtis,  252 
Centrantlius,  350 
Centrolepidere,  226 
Centunoulup,  362 
Ceplialanthern,  20 1 
Cophalotaxero,  193 
Ceramium,  58 
Cerastium,  288 
( Jeratophyllnce®,  259 
Cereus,  337 
Cestrero,  371 
Chffilanthera,  353 
Chailletiacere,  310 
Chamadancie®,  330 
Oham®rops,  217,  218 
Chara,  45,  48,  71,484 
Charaue®,  63,  71 
Choiranthns,  275,  280 
Chclidonium,  272 
Chenopodioce®,  238 
Chenopodie®,  238 
Cherry  Laurel,  319 
Chestnut  (Horse),  312 
— (Spanish),  257 
Chlnmncem,  291 
Chloro,  366 
i Chloranthacere,  242 
Chloride®,  231 
Chloropliyce®,  62,  122 
Chroocoocus,  107 
| Chrysobalnnero,  320,  323 
Chrysosplenium,  327 
Chytridiace®,  87 
Cichorace®,  354 
Cichorc®,  355 
Cichorinm,  353 
Cicuta,  341 
Cinchona,  349 
Cinchonere,  349 
Oircffia,  333 
Cissus,  241 
Cistace®,  282 
Cistus,  282 
Citrullus,  335 
Citrus,  308 
Cladophora,  66 
Clavdccps,  95,  96,  97 
Clcmatide®,  265,  266 


Clematis,  265 
Olusiace®,  290 
Cochlearia,  276 
Cockscomb,  239 
Cocos,  218 

Coolcbogyne,  248,  489 
Ooffea,  349 
Coffee®,  349 
Colchice®,  214 
Oolchicum,  214 
Coleoohretc,  71.  492 
Oollema,  93.  107 
Oollinsia,  372 
Columelliace®,  373 
Colza,  277 
Combretaee®,-  33 1 
Commolynacere,  216 
Composit®,  352,  425 
Conifer®,  187,  190 
Coniurn,  339,  341 
Connaracere,  322 
Oonvallaria,  215 
Oonvolvulacew,  368 
Oonvolvule®,  368 
Convolvulus,  369 
Coralline®,  61 
Gordie®,  368 
Coriariacew,  314 
Corisantlierre,  16 
Cormophyta,  19 
Oornace®, 341 
Oorolliflor®,  17,  317 
Ooronari®,  212 
Corydalis,  273 
Corylero,  255 
Corylus,  25G,  258 
Corymbiforre,  354 
Cotyledonero,  17 
Crassulace®,  328 
Crassulc®,  328 
Oratregus,  322 
i Oratoxylon,  290 
Crithmum,  341 
Crocoide®,  209 
Crocus,  209 
Crown  Imperial,  213 
Crucifer®,  274 

— morphology  of  flower  of, 
277 

Cryptogam®,  17, 18 
Oryptonemineem,  61 
Cucubalus,  288 
Cucumis,  432 
Cucurbita,  335 
Cucurbitacero,  335 

— morphology  of  tendrils 
of,  334 

Cunonie®,  327 
Oupressinem,  187,  192 
Cupressus,  192 
Cupuliferre,  254 
Curvembrye®,  237 
Cuscuta,  369,  474 
Ouscutem,  368,  369 
Ouspnrie®,  307 
Outleria,  46,  56 
Outleriace®,  51,  5G 
Cyanophyce®,  48 
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C’yoade®,  187,  189 
Oycadofiliees,  189 
Cycas,  184,  186,  189 
Oyolamon,  362,  169 
( lyclantlwcere,  2 1 9 
Cymodocc®,  225 
Cynarc®,  355 
(’ynarocephalre,  354 
Cynomoritim,  216 
Cyperacc®,  227 
Cypripedie®,  206 
Cypripedium,  201 
Cyrillace®,  310 
Cyrtandrew,  373 
Cystopus,  80,  88,  89,  90 
Oystoseira,  52 
Cytinace®,  241 


Daplmales,  243 
Daphne,  245 
Datiscace®,  335 
Datura,  371 
1 lilt  urea',  371 
Daucus,  340 
Delphinium,  265,  267 
Desmarestia,  45 
Dcsmids,  69  • 

Desmodium,  464,  484 
Dasvauxiace®,  226 
Dialypetal®,  20 
Diamarpheee,  328 
Dianthus,  287 
Diapensiaeefe,  359 
Diatomacc®,  49 
Diatoms,  43,  483 
Dicentra,  273 
Dichondre®,  369 
Diclines,  16 
Dieotyledonere,  17 
Ilieotyledones,  201 
Dicotyledons,  15,  16 
— divisions  of  : (Vines)  25  ; 
(Sadis)  29;  (Warming) 
32;  (Prantl)  30;  (Kng- 
ler)  36 

Dietamnus,  307 
Dictyogens,  21 
Dictyota,  56 
Dictyotace®,  56 
Dill,  341 

Dilleniacc®,  267 
Dionaea,  328,  414,  428,  472, 
474,  479 

Dioscoreace®,  212 
Diosma,  309 
Diosme®,  307 
Diplozygiem,  34 1 
Dipsace®,  351 
Dipterocarpabe®,  291 
Disciflor®,  301 
Dodder,  369 
Dudonc®,  313 
Dorstenia,  251 
Dractena,  215 
Drac®ne®,  215 
Drosera,  414,  428,  472,  474, 
479,  48) 


Droseraeeaj,  328 
Drupace®,  319 
Dryas,  320 
Dudrcsnaya,  62 


Ebenacere,  362 
Ebenales,  362 
Ecbalium,  336 
Eohinopsis,  337 
Ehretie®,  368 
Kl®agnaee®,  246 
Elatinace®,  289 
Eleuthoropetalro  (of  Hnu- 
stein),  28 
Elodea,  203 

Embryophytasiphonogama, 

35 

— zoidiogama,  35 
Empetraee®,  259 
Endogen®,  17,  18 
Kndogens,  21 
Entomophthorace®,  87 
Epacridace®,  359 
Ephedra,  187,  193,  194 
Epicoroll®,  16 
Epigynae,  206,  347 
Epilobium,  333 
Epimedinm,  269 
Epipetalro,  16 
Epistaminere,  16 
Equisetin®,  132, 160 
Equisetum,  160 
Eranthis,  265 
Eremaseus,  91 
Ergot,  95 
Ericace®,  358 
Ericales,  358 
Erieete,  359 
Eriocaulace®,  226 
Eriophorum,  228 
Erodimn,  303 
| Eryngium,  341 
j Erythroxylacc®,  302 
i Esoalloniea1,  327 
Eucalyptus,  330 
Eucharis,  210 
Eudorina,  65 
Euonymus,  311 
Eupatorie®,  354 
Euphorbia,  247 
Eupliorbiace®,  246 
Eurotium,  82,  92,  93 
Euthallophyta,  35 
Exoasci,  103 
Exogen®,  17 
Exogens,  21 


Fagus,  257 
Fedia,  350 
Fennel,  341 
Festuca,  229 
Featuceaj,  231 
Fieoidaeese,  338 
Ficoidales,  337 
Ficus,  250 
Fig,  250 


Filices,  15 
Filicin®,  137 
Flagellarie®,  217 
Fcenicnlum,  341 
Foliosa',  17,  18 
Fool’s  Parsley,  341 
Four-o’clock  plant,  238 
Fragaria,  320 
Francoere, 327 
Frankeniace®,  288 
Fraxine®,  363 
Fraxilius,  363 
Fritillaria,  213,  214 
Fucace®,  52 
Fuchsia,  333 
Fucus,  41,  53,  54 
Fumaria,  273,  280 
Fumariace®,  273 
— morphology  of  flower  of, 
277,  280 

Funaria,  126,  127,  128,  130 
Fungi,  15,  75 


Galium,  349 
Gamopetal®,  20,  347 

— (of  Hanstein),  28 
Gasteromycetes,  102 
Gelid®,  60 
Genista,  325 
Gentianace®,  366 
Gentianales,  363 
Gentiane®,  366 
Geraniace®,  302 

— morphology  of  flower  of, 
304 

Geraniales,  301 
Geranium,  303 
Gesnerace®,  373 
Gesnerie®,  373 
Geum,  320 
Gigartinace®,  60 
Ginkgo,  186,  193 
Glaucium,  272 
Glaux,  362 
Globularia,  374 
Globulariace®,  374 
Glumaoe®,  225 
Glumiflor®,  24 
Glyceria,  228 
Gnetace®,  184,  193 
Gnetum,  188,  194 
Gomphrena,  239 
Goodeniace®,  357 
Gooseberry,  327 
Gossypium,  294 
Gramina,  15 
Gramine®,  228 
Granate®,  331 
Graphis,  106 
Grass,  228 

— theory  of  flower,  230 
Grass-wrack,  225 
Gratiola,  372 
Guelder  Rose,  349 
Gunnera,  49,  329 
Guttifer®,  290 

' Guttiferales,  289 
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Gymuogens,  21 
Gymnospermre,  20,  178, 
Gymuosperms,  18 
Gymnostomum,  120 
Gyuandropsis,  282 

H®manthus,  212 
Hfematoeoocus,  38,  492 
Hremodorace®,  208 
Haloragacere,  328 
Hamatdelidnce®,  328 
Haplozygie®,  311 
Hawthorn,  322 
Hazel,  256 
Hedern,  31 1 
Heleuioide®,  355 
Helianthemmu,  282 
Helianthoidcm,  355 
Heliantlius,  402 

I lelleborc®,  2G0 
Ifellol inriis,  205,  207 
Helmiuthostachys,  160, 
Hemloscl,  103,  104 
Hemibasidii,  103,  104 
Hemlock,  341 

Hemp,  251 

Hepatic®,  108,  112,  1 13. 
Hesperia,  270 
Heterome®,  358 
Hoterosciatleft‘,  311 
Hlbisce®,  2«i 

I I ibiseus,  203 
Hippocastane®,  313 
Hippoerateaeea',  31 1 
I lippophae,  215 
Hippnris,  329 
Honevsnekle,  340 
Hop,  '251 
Hordern,  231 
Hornbeam,  250 
Kormvort,  250 
llottonia,  302 

I lumiriacefe,  302 
llurmilua,  251 
Hydrangea,  327 
I lyilrangea',  327 
Hydrastis,  200 
I iydroeharidacc®,  202 
llydrocharis,  203 
Hydrocotyle,  338.  341 
Hydrodictyon,  00 
Hydropliyilace®,  307 
llyilroptcrideie,  162 
Hymenophyllacem,  140 
Hyoscyamus,  370,  371 
Hypecoum,  272,  273,  280 
Hyphiene,  217 
Hypcrieacea:,  280 
Hypericum,  289,  200 
HypocorolUe,  10 
Hypopetalm,  10 
Hypostamine®,  10 
Hypoxidc®,  211 
Hysterophyta,  19 

Iberis,  270 
leaciunce®,  310 


181 


Ilex,  310 
I lioaeeae,  310 
Illecebrace®,  238 
Impatiens,  305 
Incomplete,  237 
Inferiu,  347 
Inuloide®’,  355 
Iridaee®,  208 
Tridioide®,  209 
Iris,  200,  210 
Isatis,  270 
Isoetace®,  137 
Isoetes,  132,  133,  100.  174 
Ivy,  311 
Ixioide®,  210 


Jasione,  257 
Jasmine®,  303 
Juglandace®,  253 
Juglans,  253 
151  Juncaeeie,  217 
.1  uucnginc®,  22 
j Jnncus,  217 
J Juugermannia,  120 
j J imgermamiiaeem,  114 
111  Juniperiis,  187,  100,  102 


Kalinin,  350 
Kohl-rubi,  277 
ICrameria,  280 


Labintte,  374 
hnbiataifione,  354 
Lacistemaceie,  250 
Lamiales,  373 
Laminaria,  40,  4 1 
Larainariace®,  34 
Lamium,  375 
Lardizabale®,  200 
Larix,  192 
Lathyrus,  323,  321 
Laurace®,  243 
Lauras,  244 
l.nurustinus,  349 
Lavatora,  180 
Lecythideay  330 
Legtiminos®,  322,  390,  412 
Leitnernce®,  253 
Lejolisia,  01,  02 
Lemna,  222 
Lemnaoe®,  222 
Lemon-plant,  374 
Lennoace®,  350 
Lentibulariace®,  373 
Lepidodendron,  170 
Leptosperme®,  330 
Leucojum,  211 
Lichens,  75,  105 
Ligulat®,  170 
Ligtdiflor®,  365 
Ligustrum,  303 
Liliace®,  212 
Liliere,  213 
Lilinm.  213,  214 


Limuanthace®,  30G 
Limnanthemum,  3GC 
Limnanthes,  305 
Linace®,  301 
Linnrea,  348 
Liniucea;,  349 
Linum,  301 
Liparidin®,  200 
Loasaee®,  334 
Lobelia,  357 
Lobelie®,  357 
Loganiacere,  305 
Lonicera,  348 
Lonicere®,  348 
Loranthaee®, 245 
Love-lies-bleeihng,  239 
Luzula,  210,  217 
Lychnis,  288 
Lyoopersicum,  371 
LycdpniUace®,  105 
Lycopodia®,  132,  105 
Lycopodium,  105,  100,  300 
Lyoopus,  375 
Lysimachin,  300 
Lythracero,  331 
Ly  thrum,  332,  197 


Jlftcadamia,  244 
Macrocystis,  39,  10.  55 
Jragnoliace®,  207 
Mahogany,  300 
Mallow,  202 
Malpighiaoe®,  302 
Mnlva,  292 
Malvaee®,  201 
■ morphology  of  flower  of, 
203 

Malvales,  291 
Malvaviscus,  293 
Halve®,  291 
Mangifera,  314 
Mango,  314 
Mangrove,  331 
Marante®,  207 
Marattia,  132, 151 
Marattiaoe®,  140, 151 
Marehantia,  113,  114 
Marchantiace®,  114 
j Marjoram,  377 
Marrubium,  375 
Marsilea,  152,  154,  150 
Marsileace®,  152,  155 
Marvel  of  Peru,  238 
Mayace®,  210 
Mayde®,  23 1 
Medlar,  322 
Megaoarpea,  270 
Melanophyce®,  50 
Melanthe®,  214 
Melastomace®,  331 
Meliace®,  309 
Melica,  228 
Melilotus,  322 
Meliosme®,  313 
Melissine®,  377 
Menispermaoe®,  208 
Mentha,  375 
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Mentlioide®,  376 
Menyanthe®,  366 
Meuyanthes,  366 
Mercurialis,  248 
Milcmbryanthacere,  338 
Mesembryautbeme®,  338 
Mesocarpe®,  46 
Mesomycetes,  103 
Micrembrye®,  242 
Micrococcus,  84 
Microsperm®,  202 
Mimosa,  325,  388,  464,  471 
Mimose®,  181,  323,  326 
Mimulus,  472 
Mirabilis,  238 
Mistletoe,  245 
Milium,  125 
Mollugine®,  288,  338 
Monarde®,  376 
Monimiace®,  243 
Monoehlamyde®,  17,  237 

— divisions  of : (Le  Maout) 

23  ; (Vines')  25 : (Prantl) 
30 

Monocotyledone®,  17 
Monocotyledones,  200,  202 
Monocotyledons,  15, 16 

— divisions  of  : (Le  Maout) 

24  ; (Vines)  2*;  (Sachs) 
29  ; (Prantl)  29  ; (Wann- 
ing) 31  ; (Engler)  35 

Monoepigyme,  16 
Monohypogyn®,  16 
Mouoperigyn®,  16 
Monopetal®,  16 
Monotropaee®,  359 
Monsonia,  304,  305 
Monstera,  221 
More®,  250 
Moringace®,  314 
Morus,  250 
Moss,  109,  110,113 
Mucor,  39,  41,  76,  78.  81, 86 
Mulberry,  250 
Multiovulat®  aquatic®,  210 

— terrestres,  240 
Musci,  15,  113,123 
Muse®,  207 
Mustard,  277 
Mutisie®,  355 
Mycoderma,  434 
My  corny  cetes,  103 
Myoporine®,  374 
Myosotis,  367 
Myosurus,  266 
Myricace®,  254,  258 
Myriophyllum,  329 
Myristica,  243 
Myristicacc®,  242 
Myrsinace®,  362 
Myrtace®,  329 
Myrtales,  329 
Myrte®,  330 
Myrtus,  330 
Myxocliytridine®,  41 

My  xomycetes,  77, 83, 85, 102, 
475,  476 

Myxothallophyta,  35 
VOL.  II. 


Naiadacc®,  224 
Naiade®,  225 
— morphology  of,  225 
Narcissus,  210 
Narthecium,  214 
Nassauvie®,  355 
Nasturtium,  276 
Nelumbone®,  270 
Nemaiionace®,  60 
Neottie®,  206 
Nepenthacere,  241 
Nepenthes,  414,  428 
Nettle  (Stinging),  250 
Neurade®,  320 
Nicandra,  371 
Nicotiana,  371,  464 
Nigella,  266 
Nitella,  71,  74 
Nolane®,  368,  369 
Nostoc,  38,  48,  49,  107 
Nudiflor®,  219 
Nuphar,  269,  271 
Nutmeg,  243 
Nuttallia,  322 
Nyctagme®,  237 
Nymph®a,  270 
Nymph®ace®,  269 
Nympli®e®,  270 


Oak,  257 
Oehnace®,  309 
Ocymoide®,  377 
Ocymum,  377 
CEdogonium,  69,  70,  492 
Olacace®,  310 
Olacales,  310 
Olea,  363 
Oleace®,  363 
Oleine®,  363 
Onagrace®,  332 
Onion,  214 
Ononis,  325 
Oomycetes,  86,  88,  103 
Ophioglossaee®,  133,  149 
Ophioglossnm,  150, 151 
Opliryde®,  206 
Ophrys,  205 
Opuntia,  337 
Orchidace®,  199,  203 
Orchide®,  15 
Orchis,  204 
Origanum,  376 
Orobanchace®,  373 
Oryze®,  231 
Oscillatorie®,  483 
Osmunda,  142,  143 
Osmundace®,  140 
Ouvirandra,  224,  454 
Oxalidace®,  306 
Oxalis,  307 


P®onc*,  267 
P®ony,  396 
Pal  mace®,  217 
I Pancratium,  210 
I Pandanace®,  219 


Pandorina,  65 
Pauice®,  231 
Papaver,  272 
Papaverace®,  271 
Papilionace®,  15,  323 
Parietales,  271 
Parietaria,  250 
Paris,  215 
Parmelia,  92 
Parnassia,  305,  327 
Parnassie®,  327 
Parouychie®,  288 
Passitiora,  473 
Passiflorace®,  333 
— morphology  of  tendrils 
of,  334 

Passiflorales,  333 
Pavonia,  293 
Pear,  322 
Pedaline®,  373 
Pelargonium,  303 
Pellia,  120 
Pellitory,  260 
Pelvetia,  53 
Pen®ace®,  245 
Pereskia, 338 
Pericoroll®,  16 
Peripetal®,  16 
Peristamine®,  16 
Peronospora,  88 
Peronospore®,  88 
Personales,  371 
Petaloide®,  24 
Petunia,  370,  371 
Peziza,  93 

Pb®ophyce®,  44,  50 
Phalaride®,  231 
Phalaris,  469 
Phanerogam®,  17,  18 
Phanerogamia,  37,  177 
Philadelphe®,  327 
Philesie®,  215 
Philydrace®,  216 
Pliycomycetes,  83,  86,  103 
Phyllanthus,  248 
Phylloglossum,  165,  166,  169 
Physalis,  371 
Phytocrenace®,  310 
Phytolaccace®,  239 
Phytoplithora,  78,  88 
Picea,  185,  187,  192 
Pilularia,  152, 155 
Pineapple,  208 
Pinoide®,  192 
Pinus,  180,  188,  192 
Piperace®,  242 
Pistacbia,  314 
Pisum,  324 
Pittosporace®,  284 
Plantaginace®,  377 
Platanace®,  252 
Platanus,  252 
Plocamium,  62 
Plumbaginac?®,  360 
Plumbago,  361 
Poa,  228 
Podalyrie®,  325 
Podostemace®,  240 
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Polemoniace®,  367 
Polemoniales,  366 
Polycarpe®,  288 
Polygala,  285,  283 
Polygalace®,  284 
Polygales,  284 
Polygonace®,  239 
Polygouatum,  213 
Polygonum,  240 
Poly  petal®,  16,  266 
Polypodium,  143 
Polypore®,  102 
Polytrichum,  129 
Pome®,  319,  321 
Pomegranate,  331 
Poutederia,  216 
Pontederiace®,  216 
Poplar,  259 
Poppy,  272 
Populus,  259 
Porlieria,  475 
Portulaca,  289 
Portulacacere,  288 
Posidonie®,  225 
Potamero,  224 
Potamogeton,  225 
Potato,  371 
Potentilln,  320 
Potcntille®,  320 
Potcrie®,  320,  322 
Poterium,  321 
Primrose,  406 
Primula,  362 
Primulace®,  362 
Primulales,  369 
— morphology  of  flower  of, 
360 

Protea,  244 
Proteace®,  244 
l’rotobasidiomycetes,  102, 
103 

Protococcace®,  65 
Protococcus,  107 
Protophyta,  19 
Primus,  319,  321,  427 
l’seudosolane®,  372 
Psilotum,  165,  166,  169 
Pteridophyta,  17,37,  131 
Pteris,  142,  143 
Pterostegia,  240 
l’uccinio,  97,  98,  99 
Punice®,  331 
Pvrole®,  359 
Pyrus,  321 
P.vthlum,  88,  89,  90 


Quercine®,  256 
Quercus,  267 
Quince,  322 


Rafflesia,  241 
Ranales,  264 
Ranunculace®,  265 
Ranuncule®,  266 
Ranunculus,  265 
Rapateace®,  216 


Raphanus,  276 
Raspberry,  320 
Resedace®,  283 
Restiace®,  226 
Rhamuace®,  311 
Rhamnus,  311,  433 
Rheum,  240 
Rhinauthe®,  372 
Rhizocarps,  137, 152 
Rhizogens,  21 
Rhizophorace®,  331 
Rhododendron,  359 
lthodomeniace®,  60 
Rhodophycere,  57 
Rhodore®,  359 
Rhus,  314 
Ribes,  327 
Ribesie®,  327 
Ricoie®,  112,  114, 120 
Ricinus,  247,  248,  427 
Robinia,  388 
Rosa,  319 
Rosaoere,  318 
Rosales,  318 
Rose®,  320 
Roxburghiaeere,  212 
Rube®,  320 
Rubla,  349 
Rubiace®,  349 
Rubiales,  347 
Rubus,  320 
Rue,  308 
Rumex,  240 
Ruppia,  225 
Ruscus,  215 
Rush,  217 
Ruta,  207 
Rutace®,  307 
Rute®,  307 


Sabale®,  219 
Sabiaccro,  314 
Saccharomycetes,  94, 104 
Saffron  (Meadow),  214 
Sage,  377 
Sagittaria,  224 
Salicace®,  258 
Salicinere,  258 
Salicornie®,  238 
Salix,  259 
Salpiglossidere,  371 
Salsole®,  238 
Salviulorace®,  361 
Salvia,  375,  376 
Salvinia,  132,  135,  152,  155 
Salviniace®,  162,  155 
Sambuce®,  348 
Sambucus,  348 
Samolns,  360,  362 
Samphire,  341 
Samydace®,  334 
Sangnisorba,  321 
Sanguisorbe®,  320 
Santalace®,  246 
Sapindace®,  312 
Sapindales,  312 
Sapinde®,  313 


Sapotace®,  362 
Saprolegnia,  81 
Saproleguie®,  88,  89 
Sarcina,  84 

Safoocaulon,  304,  305  • 

Sargassum,  45,  52 
Sarothamnus,  325 
Sarraeenia,  271,414,  428 
Sarraceniace®,  271 
Satureia,  377 
Satureine®,  376 
Sauvagesiace®,  284 
Saxifraga,  326,  327 
Saxifragace®,  326 
Saxifrage®,  327 
Scabiosa,  351 
Scliizanthus,  371 
Schizomycetes,  80,  83 
Scille®,  213,  214 
Scirpe®,  228 
Scirpus,  227 
Scitamiuace®,  206 
Scrophulariace®,  371 
Scutellaria,  376 
Scutellarie®,  376 
Scylonema,  107 
Sea  Holly,  341 
Sedges,  227 
Selagino®,  374 
Selaginella,  169,  170 
Senebiera,  276 
Senecio,  353 
Senecionide®,  355 
Sidaloea,  293 
Side®,  294 
Silenem,  287 
Simarubace®,  309 
Siphone®,  65 
Smilaoe®,  215 
Smilax,  215 
Snowberry,  349 
Solanace®,  370 
Solanere,  371 
Solanum,  370,  371 
Soldanella,  360 
Sophore®,  325 
Spadiciflor®,  24 
Sparganium,  219 
Spermophyta,  37,  177 
Spli®roplea,  64,  66,  67 
Sphagnum,  124, 125, 129,  328 
Spindle  tree,  311 
Spirmc®,  320,  323 
Spirilla,  84 

Spirogyra,  68,  69,  70,  492 
Splachnidium,  55 
Stachys,  377 
Stackhousiace®,  311 
Staphyleace®,  314 
Stellaria,  287 
Stellat®,  350 
Sterculiace®,  294 
Sticta,  105,  107 
Stratiotes,  203 
Strawberry,  319,  320 
Streptanthus,  280 
Stylidiace®,  356 
Styrace®,  362 
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Subuluria,  276 
Super®,  358 
Swietenia,  309 
Symphoricarpus,  349 
Symphytum,  367 
Synanther®,  16 
Syugeticse,  57 
Syringa,  363 
Syringe®,  363 


Taccaee®,  212 
Tamaricace®,  288 
Tamils,  212 
Taxodiace®,  192 
Taxoide®,  190,  193 
Taxus,  184,  190,  191,  193 
Teak,  374 
Teesdalia,  276 
Terustroemiace®,  291 
Tetraphis,  127, 129 
Tetrapoma,  276,  278 
Thalamitione,  17,  264 
Thalictrum,  265 
Thallogens,  21 
Thallophyta,  19,  37,  38 
Thuja,  187 
Thyme,  377 
Thymelace®,  244 
Thvmus,  377 
Tilia,  295 
Tiliaceai,  294 
Tmesipteris,  165, 166 
Toddale®,  307 
Tomato,  371 
Torfeldia,  214 
Tradescantia,  216,  484 
Trapa,  333 
Tremandrace®,  286 
Trientalis,  362 
Trifolium,  322 
Triglochin,  224 
Triuridace®,  223 


j Tropreolace®,  306 
■ Tropmolum,  306 
' Tubuliflor®,  354 
Tulipa,  214 
Tulipe®,  213 
Turnerace®,  334 
Turnip,  277 
Typha,  219 
Typhace®,  219 


Ulex,  325 
Ulme®,  252 
Ulmus,  252 

Ulothrix,  46,  64,  67,  492 
Umbellales,  338 
Umbellat®,  15 
UmbelliferiE,  338 
Unisexuales,  246 
Uredine®,  80,  99 
Urtica,  249,  250 
Urticace®,  248 
Urtice®,  249 
Usnea,  105, 106 
Ustilagine®,  99, 104 
Utricularia,  373 


Vacoiniace®,  358 
Valeriana,  360 
Valerianace®,  350 
Vallisneria,  203,  484 
Vasculares,  17 
Vaucheria,  47,  66,  67 
Veuus’s  Flytrap,  328 
Verbascum,  372 
Verbena,  374 
Verbenaceae,  374 
Veronica,  372 
Vervain,  374 
Viburnum,  348,  349 
Victoria,  455 
' Villarsia,  366 


Vinca,  364 
Viola,  283 
Violace®.  283 
Viscum,  245 
Vismia,  290 
Vitace®,  311 

— morphology  of  tendrils 
of,  312 

Vivianace®,  306 
Vochysiace®,  286 
Volvoceace®,  65 
Volvox,  65 


Wallflower,  274 
Water  Dropwort,  341 
Water-Hemlock,  341 
Water-Lily,  270 
Weigelia,  348 

Welwitsehia,  184,  188,  193, 
194 

Willow,  259 
Wolffla,  222 

Xylophylla,  248 
Xyridace®,  216 

Yeast,  38,  94 
— conjugation  in,  95 
Yucca,  215 

Zanardinia,  56 
Zannicbellia,  225 
Zannichellie®,  22) 
Zanthoxyle®,  307 
Zingibere®,  207 
Zostera,  195,  225 
Zygnema,  70 
Zygneme®,  46,  68,  70 
Zygogonium,  69 
Zygomycetes,  79, 86, 103 
Zygophyllace®,  302 
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